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ABSTRACT 


'  Condenser-discharge  beacons  capable  of  operation  from  battery  power 
supplies  on  buoys  and  minor  lights  offer  four  distinct  advantages  over 
Incandescent  beacons:  (1)  Increased  servicing  periods,  (2)  Increased 
battery  life,  (3)  Increased  visual  effectiveness,  and  (4)  Increased 
"glow  ranges"  In  fog.  This  report  presents  the  laboratory  and  field  test 
results  of  the  LS-S9  flashtube  beacon,  as  well  as  a  discussion  cf  the 
potential  use  of  condenser-discharge  burst  lights  as  a  future  br.se  for 


a  maritime  signal  lighting  system. 
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1. 


INTRODUCTION 


1.1  Primary  Light  Sources 

In  an  incandescent  lamp,  a  current  passing  through  a  tunpjsten  filament 
heats  the  filament  to  a  tenperature  In  excess  of  2000®K.  At  this  temper¬ 
ature  the  filament  acts  as  a  radiating  source  vdth  a  large  amount  of  the 
radiation  falling  within  that  portion  of  the  spectrum  to  vhich  the  eye 
is  sensitive.  This  radiation  is  considered  as  visible-  light.  If  the 
tenperature  is  raised  sufficiently  higher,  the  filament  will  melt.  Even 
at  its  operating  temperature,  the  filament  slowly  ev^orates  until  seme 
pohTt  M&itsrQ  a  catastrophic  failure  occurs.  In  addition  to  the  inevitable 
failure  due  to  filament  evsporation,  some  of  the  endtted  radiation  from 
the  tungsten  filament  lies  outside  the  visible  portion  of  the  spectrum. 
Tiuis,  the  conversion  efficiency,  or  efficacy  of  lumens/watt  Is  limited 
also. 


An  alterriatlve  method  of  producing  llfht  is  to  produce  an  arc  be¬ 
tween  two  electrodes  at  differait  electrical  potentials.  The  spectral 
character  of  such  an  arc  is  largely  detennlned  by  the  through  vhich 
the  arc  fires.  In  order  to  produce  a  breakdown  of  the  gas  to  allow  the 
arc,  it  is  necessary  to  have  a  large  voltage  potential  between  the  elec¬ 
trodes.  A  condenser-discharge  lanp,  or  flashtube,  operates  on  this  prin¬ 
ciple.  The  energy  for  the  flash  is  punped  into  and  stored  in  a  storage 
c^cltor  at  a  high  voltage.  Then,  using  an  electrx>nlc  trlgpjer  to  break 
down  the  gas,  the  stored  energy  is  discharged  in  an  arc  producing  llpht. 

1.2  Condenser-discharge  Flashtubes 

The  state-of-the-art  of  condenser-discharge  flashtubes  is  such  that 
a  reliable  flashtube  with  a  relatively  high  efficacy  presently  exists 
when  several  hundred  volts  are  discharged  through  a  xenon  gas.  The  flash- 
length  of  such  a  discharge  dep«ids  ujxjn  the  len^h  of  the  path  of  the  arc 
as  well  as  the  voltage  potential.  The  luminous  flux  produced.  Integrated 
over  the  flash  duration,  depends  upon  the  voltage  and  the  amount  of  stored 
energy,  as  well  as  the  gas  through  v^ich  the  discharge  is  produced. 

1.3  Burst  Light 

When  a  series  of  caxlenser-discharge  flicks  arc  fired  rapidly,  a 
burst  sarree  is  produced.  With  a  repetition  rate  sufficiently  fast,  a 
burst  lifht  appears  to  be  continuous  to  the  human  eye.  Thus,  a  "multi- 
flick  burst"  can  be  used  to  increase  the  flashlength  of  an  otherwise 
short;  (several  microseconds)  "single-flick  flash". 

1.4  Cond^iseiMiischarge  Terminology 

1.4.],  Flick  -  a  discrete  emlsslcs^.  of  very  short  duration  which 
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is  produced  by  a  gaseous  dlschaiy^  ianp  when  it  is  pulsed  by  a  single 
discharge  from  a  discharge  condenser. 

1.4.2  Flashtube,  or  Flashtube  Lanp  -  a  gaseous  discharge  lamp,  which  when 
properly  fired,  produces  a  flick. 

1.4.3  Flashtube  Beacon  -  a  beacon  consisting  of  a  flashtube  and  assoc¬ 
iated  electronics. 

1.4.4  Burst  Flash,  or  Multi-Flick  Plash  -  a  series  of  flicks  fired  close 
enough  together  in  time  so  as  to  preclude  the  ajipearance  of  flicker  or 
Is^es  of  llg^ht  between  the  flicks  within  the  flash  duration  of  the 
series  of  flicks. 

1.4.5  Burst  Tube,  or  Burst  Tube  Lamp  -  a  gaseous  discharge  lanp,  which 
vftien  properly  fired,  produces  a  burst,  or  multi- flick  flash. 

1.4.6  Burst  Beacm  -  a  beacon  consisting  of  a  burst  tube  and  associated 
electronics, 

1.4.7  Ehergy  Levels  -  Flashtube  Beacons  have  been  assigned  one  of  three 
energy  levels: 

a.  High  (H)  -  7.2  candela-seconds  per  flick  (flash) 

b.  Medium  (M)  -  2.4  candela-seconds  per  flick  (flash) 

c.  Low  (L)  -  1.0  candela-seconds  per  flick  (flcish) 

1.4.8  Designations  -  Whereas  P14.0(0.4)  designates  a  flashing  incandes¬ 
cent  light  with  a  four  second  period  and  a  0.4  secord  flash  length, 
P14.0(FT’)H  designates  a  flashtube  beacon  with  one  flick  every  four 
seconds  operating  on  a  hi^  energy  level,  and  Fl4.0(0.4s)M  would  de¬ 
signate  a  burst  beacon  with  a  fcau?  second  period  and  a  0.4  second  multi¬ 
flick  flash  operating  on  a  medium  energy  level.  Following  the  same  for¬ 
mat,  QkPl(Fr)L  designates  one  low  energy  flick  per  second,  IQkF110,0(Fr)M 
designates  a  group  of  six  medium  energy  flicks  with  an  Interflick  spacing 
of  one  second  and  a  total  period  of  ten  seconds,  and  GP2-5.0(F1')H  de¬ 
signates  a  group  of  two  hiigh  energy  flicks  one  second  apairt  occurring 
each  five  seconds.  Any  other  characteristics  are  easily  designated  using 
this  same  format. 

1.4.9  Effective  Intensity  -  Ihe  effective  Intensity  is  determined  oy 
the  Blondel-Key  relatioishlp.  This  expression  is  used  to  provide  an 
input  into  Allard's  law  to  equate  lights  of  different  flash lengths  which 
have  the  same  threshold  range  of  detection.  In  the  case  of  a  single 
flick,  the  light  falls  In  the  Bloch's  law  asynptote,  and  the  effective 
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intensity,  Ig,  is  ^.76  (the  reciprocal  of  the  Blondel-Rey  constant  0.21) 
times  the  Integrated  Intensity.  Hiis  term  Is  used  to  designate  equiv¬ 
alences  of  lights  at  or  near  threshold. 

1.4.10  Supra-Threshold  Apparait  Intensity  -  It  was  reported  as  long  ago 
as  1911  by  Blondel  and  Rey  that  v#ven  two  Uj^ts  of  different  flashlengths 
vMch  have  the  same  Effective  Intensity  (at  detection  threshold)  are 
viewed  at  a  closer  range  so  as  to  be  well  above  threshold  Intensities, 
that  the  light  with  the  shorter  flashlength  appeared  brl^ter  than  a 
light  with  a  longer  flashleigth.  Thus,  a  single  flick  appears  brighter, 
when  viewed  at  supra-threshold  levels,  than  a  longer  flashlength  lipdit 
’<hlch  has  the  same  effective  Intensity.  No  numerical  descriptor  has 
been  assigned  to  this  phenomenon. 


2.  BACKGSm® 

In  early  1963  the  Coast  Guard  became  cc»^lderab.ly  dlse^pointed  In 
the  nominal  cne-half  year  lives  of  then  existing  combinations  of  lawps, 
lanq:x:hangers«  flashers »  voltage  regulators,  and  daylirt>t  c(»itrols.  In 
hopes  of  developing  lifting  equipment  vdilch  would  i?eauire  no  more  than 
amual  maintenance.  Engineering  Testing  and  Development  Division  (now 
the  R&D  Applied  Technology  Division)  undertook  to  investigate  ccaidenser- 
dlscharge  llf^ts  for  use  in  aids  to  navigation.  Since,  the  following 
models  have  been  tested  in  the  field  and/or  in  the  laboratory:  (1)  one 
initial  demonstration  unit;  (2)  ore  laboratory  visibility  research  unit, 
15-57}  (3)  six  ’'mariner’s  evaluation  units",  LS-68;  and  (^)  twelve 
"service  test"  units,  liS-59*  All  were  purchased  under  contract  CG-02066-A 
from  KG&G  International. 

A  1966  Mariner’s  Evaluation  of  the  LS-58  units  in  the  Ihlrd  Coast 
Guard  Wstrict  (Project  3961/0 VOI)  yielded  the  following  carwluslons: 

a.  The  quick  flash  and  intermpted  quick  flash  flashtube  units  ob¬ 
served  on  buoys  were  much  easier  to  pick  out  from  among  background  lights 
than  were  incandescent  buoy  lights. 

b.  For  a  flashing  Incandescent  lanp  and  a  fiashtube  of  equal  effec¬ 
tive  intensity,  the  flashtube  is  cc»»lder.  Oly  brighter  and  more  conspic¬ 
uous  viten  viewed  at  distances  appreciably  less  th^  maximum  visual  range 
(for  F14.0,  QkPl,  and  GpFl  characteristics). 

c.  At  near-threshold  viewing  for  a  flashing  incandescent  lamp  and  a 
flashtube  of  eqvial  effective  intensity,  v^n  tlie  observers  threshold  is 
raised  by  ambient  lllunlnation,  the  flashtube  will  be  seen  at  a  range 
when  the  incandescent  light  is  no  longer  visible. 

d.  Ihe  type  of  flashtube  evaluated  produced  a  flash  equal  in  effec¬ 
tive  lnt«islty  to  a  0.3-  to  a  0.5-second  Incandescent  flash  with  roughly 
two-thirds  of  the  energy  conswrption  of  the  incandescent  lanp. 

e.  Use  of  the  flashtube  with  characteristic  coding  (l.e.  group 
flashing)  Instead  of  a  color-coded  l/icandescent  lamp  to  indicate  lateral 
si0ilflcance  produces  greater  effective  intensity  for  a  given  power 
consumption. 

Ihe  mariners  evalxiatlon  raised  the  following  two  questions: 

a.  Will  a  line  of  lifted  buoys  eoulpped  with  flashtube  beactxis 
marking  one  side  of  a  channel,  with  the  lights  flashing  on  the  sane 
characteristic  but  unsynchronized,  be  an  improvement  over  a  sD.liai- 
display  using  incandescait  sources,  provided  the  efl’ective  Intensities 
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are  nearly  equal?  (A  pilot  offered  the  opinion,  after  observing  QkPl 
flashtube  beacons  in  New  York  Harbor,  that  too  many  of  these  sif^ials  in 
one  area  would  be  confusing) . 

b.  Is  the  P12.5(Pr)X  characteristic  on  a  flashtube  as  usable  as 
F1A*o(0.4)  and  F12.5(0.5)  characteristics  of  incandescent  lamps  now  in 
actual  service?  It  has  already  been  found  in  the  Liboratoiy,  as  reportea 
in  BTDC  fiqsort  4ll  (Project  H2-2),  that  under  simulated  conditions  of 
relative  motion  of  observer  and  lipht,  that  the  two  characteristics  are 
equlvalfflit  with  regard  to  the  time  required  to  take  a  bearing. 

Following  the  1966  Mariners  I^^aluation  of  the  units,  twelve 
"service  test"  L&-59  flashtube  beacons  were  procured  as  wmklng  pro¬ 
totypes  for  field  and  laboratory  evaluati.oi. 
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3.  EESCRIPTION  OP  FLASKIUBE  BEACON  15-59 


A  photo^’af^i  of  the  LS-59  flashtube  beacon  is  shown  as  the  frontis¬ 
piece.  Hie  beacon  electronics  is  self-contained,  needing  only  to  be  con¬ 
nected  to  a  12  volt  d.c.  source  to  operate.  Enerpy  stored  in  the  12  volt 
dc  batteries  is  transferred  to  the  storage  capacitors  in  ttie  beacon  by  a 
voltage  regulator,  solid  state  oscillator,  and  a  tninsformer  converter. 

An  unconfined  arc  FX-71  xenon  flashtube  lanp,  handmade  by  with  a  9nin 
vertical  arc,  is  ccamected  across  the  energy  storage  capacitors.  Upon 
receiving  a  trigger  signal,  which  causes  ionization  of  the  gas  within  the 
lanp,  the  energy  from  the  storage  capacitor  is  dissipated  Jn  the  lamp  in 
the  foim  of  light.  The  ionized  arc  wlthJn  the  lamp  is  in  the  vertical 
direction  to  provide  ttie  best  source  for  the  Fresnel  lenses  of  marine 
signal  lanterns. 

The  timing  of  the  system  is  coatrolled  by  a  blocking  occillator.  For 
slitple  flash  characteristics,  it  emits  a  signal  at  regular  Intervals,  e.g., 
eadi  second  or  each  2.5  seconds.  For  complex  charact eristics  it  contains 
identical  stages  equal  in  number  to  the  period  (in  seccsids)  of  the  charac¬ 
teristic.  Ihe  sta^  activate  sequentially,  per  secom-l,  into  a  comon 
buss,  Ihe  blocking  oscillator  either  allows  signal  passage  through  the 
amplifier  into  the  trigger  circuit  or  it  stops  the  signal.  Iherefore, 
a  variety  of  characteristics  firing  no  closer  than  one  second  apart  are 
possible.  The  BG4G  design  pennlts  as  many  as  twenty  stsiget  or  periods 
as  long  as  twwity  secarbs.  'Ihe  trigger  circuit  is  a  convential  SCR-dri- 
ven  type.  The  converter  is  a  two  transistor  type  to  lessen  the  peak 
currents  to  be  drawn  ftxim  the  battery  suRjly.  Figure  3-1  is  a  block 
diagram  of  the  electronic  stages  of  the  LS-59 • 
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LS-59  OEST  PROCEDURE 


Laboratory  tests  were  performed  on  LS-59  flashtube  beacons  at  the 
U.S.  Coast  Guard  Field  Testing  and  Development  Center  at  Curtis  Bay, 
Maryland. 


The  flash  shape  and  duration  were  found  by  detecting  the  luminous 
output  with  an  RCA  931-A  MP  with  a  Wratten  #106  filter  fed  to  a 
Tektronix  535  S-1  oscilloscope.  The  waveforms  were  then  ii^iotopr^hed. 

Ihls  same  method  was  used  to  measure  the  Integrated  Intensity  of  one 
beacon  (#009)  undergoing  lifetime  and  lumen  maintenance  tests  for  the 
first  half  of  these  tests.  An  EG&G  580-585  Spectroradlometer  system  was 
then  procured,  and  all  other  Integrated  Intensity  measurements  were  made 
with  this  instrument  in  the  Intef^te  mode.  Calibration  was  made  with 
an  FX-71  xenon  flashtube  previously  calibrated  by  the  National  Bureau  of 
Standards. 

The  llfetest  beacon,  #009,  was  powered  by  batteries  and  operated  on 
a  QkFl(FT)H  characteristic.  The  test  was  arbitrarily  tennjnated  after 
two  years. 

The  manufacturer  also  life  tested  two  beacons,  #006  and  #007,  on 
medium  power  at  accelerated  rates  of  two  flicks  per  second  for  about  a 
year. 


Beacon  #013  was  used  in  four  NAVAID  lanterns  for  measurements  of 
source-lantern  combination  integrated  intensities  in  the  horizontal 
plane  as  well  as  the  vertical  dlvergoice. 

The  spectral  composition  of  beacon  #013  was  also  measured  with 
the  spectroradlometer. 

Beacons  #00^  and  #009  were  used  In  measurements  of  power  c<xisunptlwi, 
charging  profile,  and  current  drains  for  each  of  their  chaiacterlstlcs 
(P12.5(Fr)X  and  QkFl(FT)X),  at  all  three  energy  levels,  A  0.251  oJin 
resistor  was  placed  in  series  with  the  beacon,  operating  from  batteries, 
and  the  vo-tage  across  the  resistor  was  recorded.  This  voltage  drop  pro¬ 
file  was  converted  to  a  currait  drain  profile. 

A  variable  resistor  was  used  to  determine  the  dayll^it  coitrol  on 
and  off  resistances  of  all  twelve  beacons. 

For  the  field  evaluaticai,  LS-59  flashtube  beacons  were  used  as  ope)>- 
atlonal  aids  at  various  locatiais.  Three  P12.5(FT)X  beacons  and  one 
QkPKPDM  beacon  were  installed  on  Airbrose  Channel  buoys  !/•.,  3»  5,  and  9 
respectively  on  7  March  1967.  It  was  Intended  that  this  string  of  buoys 
on  one  side  of  the  channel  would  provide  liislght  into  the  utiilty  of  this 


I 


mode  of  operatloi. 


An  IQkF110.0(FT)H  beacon  was  used  for  tests  of  the  ability  of  the 
LS-59  to  withstand  vibrations  and  shocks  on  bell  buoys.  After  seven 
months  on  Plshennan’s  Obstructicai  Llpjited  Bell  Buoy  off  Sandy  Hook,  N.J., 
It  was  transferred  to  New  Orleans  Lif^tship  Replacement  Bell  Buoy  In  the 
Gulf  of  Mexico,  and  then  to  Calcasieu  Channel  Lighted  Bell  Buoy  ^6. 

A  GP2t5.0(FT)H  was  installed  cn  Joe  Curtis  735. B  Mile  li|?ht  on  the 
Mississippi  River  at  Memphis,  Temessee.  On  this  station,  the  flashtube 
beacon  is  In  corpetitlon  with  a  complexly  lighted  background. 

Two  InstallatlOTs  of  P12.5(Fr)H  beacons  were  made,  In  Seattle  and 
on  the  St.  Mary’s  River,  with  the  Intention  of  evaluating  the  potential 
of  the  LS-59  Jn  fog. 

Table  ^1-1  summarizes  the  status  of  the  LS-59  flashtube  beacons  upon 
publication  of  this  report. 


Table  M-l-Locatlon  of  LS-59  Plashtube  Beacons 


Serial  No. 

Characteristic 

Location 

002 

F12.5(Pr)L 

Ambrose  3 

003 

F12.5(Pr)L 

Ambrose  5 

00^1 

P12.5(FT)H 

St.  Mary’s  River 

005 

IQKP110.0(Pr)H 

Calcasieu  Channel 

006 

QkPKPDL 

Ambrose  9 

007 

P12.5(Pr)H 

Seattle 

008 

QkPKPDL 

Field  Testing  and 

009 

QkPKPDH 

Field  Testing  and 

010 

P12.5(Pr)M 

Ambrose  lA 

on 

F12.5(Pr)M 

Spare  for  Ambrose 

012 

GP2T5.0(Pr)H 

A/N  School 

013 

GP1/3-8.0(FT)L 

pi/H  School 

Development  Center 
Development  Center 

lA 


Note:  GPl/3-8.0(Pr)  Is  the  flashtube  equivalent  to  a  short/lcxig 
(Morse  Code  Alpha).  Hie  sequaice  is  one  flick,  two  second  eclipse, 
three  flicks  with  one  second  Interflick  spacing,  four  second  eclipse. 


5.  LS-59  lEST  RESULTS 

5.1  Laboratory  Results 


( 


( 


5.1.1  Temporal  Flick  Profile  -  Ihe  shapes  of  all  tenrooral  profiles 
photo0?aphed  on  the  osclllosc(^  were  essentially  the  same.  An 
Inteasity  vs.  Time  curve  can  be  found  in  Appendix  A.  Ibis  curve  was 
drawn  with  two  microseconds  to  the  Inch  and  an  Integrated  area  of 
twenty  square  Inches.  For  a  lew  oierpy  1.0  cd-sec.  flick,  the  ordinate 
scale  is  25,000  cd/ln,  and  the  peak  is  190,000  cd.  A  medium  enerpy 
2.^  cd-sec.  flick  has  a  peak  of  ^<56,000  cd,  and  a  hiph  ener^  7.2  cd-sec. 
fllok  has  a  peak  of  1,368,000  cd. 


5.1.2  Effective  Intensity  -  The  effective  Intensity  Is  calculated 
fVom  the  integrated  Intensity  and  the  flashlength  throuph  the  Blondel- 
Rey  relationship,  Ig  «./ldt  .  The  ’'constant"  a  conventionally  used  is 

a+t 

that  found  by  Blondel  and  Rey  In  their  experiments,  namely  a  ■  0.21  sec. 
Some  theoretical  discussion  is  glvai  to  this  constarit  In  Appendix  D. 

This  Ai^ndixvalso  discusses  the  Integration  limits  for  the  condenser- 
dlschai^  flick  and  the  flashlength.  These  are  taken  to  be  the  entire 
lnte0:’ated  Intensl^  and  a  fl^hiength  negligible  compared  to  a. 

Thus,  le «  4.76 /Idt. 

®  a+t 


Measured  Integrated  intensities  and  the  corresponding  effective 
Intensities  are  listed  In  Table  5-3. 

5.1.3  Life  Tests  -  Beacon  #009  was  subjected  to  life  testing  at  PTDC, 
operating  on  a  QkPl(Pr)H  characteristic  for  approximately  a  two-year 
period.  The  Integrated  Intaislty  was  periodically  measured  during 
these  66Jj  million  flicks.  The  output  remained  nearly  constant  for 
the  first  15  million  flicks,  then  decreased  to  about  twenty  percent 
of  the  original  Intensity  over  the  next  25  million  flicks.  The  output 
ft’om  4o  million  until  arbitrary  termination  at  6&s  million  remained 
relatively  constant.  A  plot  of  Integrated  Intensity  vs.  Time  is  given 
in  Appendix  A.  Photogra^  5-1  shows  this  flashtube  after  66*4  million 
flicks  as  well  as  an  unused  flashtube.  The  flash  rate  during  this 
period  remained  relatively  constant  with  the  exception  of  a  martced 
decrease  and  Inconslstancy  as  the  batteries  used  approached  depletion. 
No  malfunctions  were  noted  in  the  LS-59  vrtTen  the  life  test  was 
arbitrarily  terminated. 


The  manufacturer  life  tested  two  LS-59  beacons,  //006  and  #007, 
both  drawing  2.52  watt-seconds  per  flick  at  rates  of  two  flicks  per 
second.  They  report  reductions  in  output  to  M7%  after  63*s  million 
flicks  on  #006  and  to  77%  after  73*5  million  flicks  on  #007.  At  those 


W  y  V*  tfW*  W  WAV*  V*«  I 
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Table  5-1  Useful  Lifetimes  of  FX-71  Plashtubes 


Energy  Level  Energy  (watt-sec)  Nunter  of  flicks  to  approximately  55? 

of  initial  luminous  flux 
(Flashtube  life) 


Hi|^  -  H 

4.8 

25  million 

(EG&G  Test) 

2.52 

50  million 

Medium  -  M 

1.6 

75  million 

Low  -  L 

0.64 

200  million 

plotted  in  Appendix  A. 

On  the  basis  of  these  limited  results,  a  first  order  approximation 
may  be  made  that  the  number  of  flicks  to  50?  integrated  intensity  is 
Inversely  proportional  to  the  power  dissipated  per  illck.  The  decrease 
in  luminous  output  is  due  to  tt)e  darkening  of  the  fiashtube  envelqse 
and  win  be  sonewhat  variable.  Catastrc^hlc  failure  generally  occurs 
vrtien  electrode  redeposltes  on  the  base  cause  an  arc  to  be  drawn 
across  the  base.  IMs  catastrophic  failure  evidently  occurs  long 
after  the  flashtube  intensity  is  reduced  to  the  50?  level. 

Since  catastrophic  failure  of  Incandesceit  filaments  in  marlm 
signal  lanps  usually  occurs  with  a  luminous  output  of  50-60?  of  the 
initial  output,  the  useful  life  of  a  flashtube  lartp  can  be  defined  in 
a  similar  manner  at  55  +  5?  of  its  initial  luminous  flux.  Using  this 
criteria,  Table  5-1  lists  the  approximate  useful  lifetimes  of  PX-71 
flashtube  lamps  on  tt)e  L5-59  flashtube  beacon. 

5.1.^  NAVAID  Photcnetry  -  Itie  unconflned  vertical  arc  dimension  was 
specified  as  9nin.  Ihls  dimension  on  beacon  #013  was  measured  as  8.5nin. 
Vertical  divergence  profiles  were  measured  using  this  flashtube  beacon 
in  four  NAVAID  lanterns.  Plots  of  this  complete  photometric  data  are 
given  in  App«idix  A.  Table  5-2  suBwarlzes  this  data. 


Table  5-2  Navald  Hx>tometry  Resume 


Lantern 

Otic/soiTce  ratio 

50?  Vertical 
Diverg«ice 

ESNA  155mm  buoy  lantern 

8.4 

b.5" 

20Qmm  pressed  glass  buoy  lantern 

5.3 

5.4° 

ESNA  250mm  lantern 

8,8 

4.1° 

Tidelands  300mm  lantern 

12.0 

3.20 
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5.1.5  Spectral  Content  -  Ihe  spectral  content  of  beacon  #013  was 
measured  on  all  three  energy  levels.  A  plot  of  Luminous  Intensity  (a 
photometric  quantity  including  the  spectral  sensitivity  of  the  eye)  vs. 
Wavelength,  for  high  and  medium  power,  is  given  in  Appendix  A.  Also 
snown  on  this  plot  is  the  spectral  sensitivity  of  the  eye,  v^iich  would 
be  the  luminous  Ijntensity  of  an  equal->-nergy  white  light.  The  differ^ 
ences  in  the  spectral  content  of  the  high  a^id  medium  energy  flicks 
shewn  on  the  plot  are  in  part  real,  but  not  conpletely  accurate.  Hie 
ener©r  content  at  the  long  wavelen^hs  was  lov;  enough  to  tax  the  sen¬ 
sitivity  of  the  spectroradiometer  severely.  The  la-;  energy  spectral 
content  was  similar  at  the  short  wavelengths,  but  too  weak  to  be  mea¬ 
sured  at  the  long  wavelengths.  Hie  chromatlcity  of  this  blue-white 
light  lies  in  close  proximity  to  the  15,000°K  black  baiy  chromaticity, 
and  may  be  considered  to  be  a  15,000°K  black  body  metainer. 

Due  to  the  preponderance  of  short  wavelength  content,  and  the  dearth 
of  long  wavelen^h  content,  very  high  color  factor's  result  when  used 
with  a  standard  green  lens  or  shade,  and  very  law  color  factors  result 
with  red  lenses  or  shades.  Furthermore,  vihon  used  with  standard  green 
lerises  and  shades,  the  chromaticity  plots  on  the  "blue"  side  of  sipoal 
green,  outside  the  signal  green  chnaraticity  limits.  Since  neither  an 
accept^ie  slgri^  green  nor  a  sufficiently  intense  signal  red  are 
produced,  the  L^59  should  not  be  color  coded. 

5..t.6  Power’  Requirements  -  The  storage  capacitors  in  the  LS-59  beacons 
are  charged  to  800  volts.  The  energy  stor^  is  given  by  *^6 

capacitances  u^d  for  the  three  power  leveln  are  2,.  5,  ^  15  micro¬ 
farads,  yielding  storages  of  0i6i»,  1.6,  and  *<.8  Joules  (watt-seconds). 

Ihe  efficacies  to  1.0,  2.55 >  and  7.2  cahdela-secdnds  per  flick  are  all 
approximately  1.5.  However,  the  Coast  Guards  Interests  are  concerned 
with  the  total  efficlericy  of  the  beacon,  vhlch  includes  to  energy  expended 
in  operating  the  electronics  in  the  beacon.  TVo  beacons,  #00^  and  #009, 
were  measur’^  for  the  total  lum^ous  efficiency  at  all  three  newer 
levels.  This  data  is  given  in  Table  5-3,  v^iich  can  be  safely  gener’allzea 
by  assuming  an  efficacy  of  1.0  candela-sec. /watt-sec. 


Table  5-3  Power  and  Light  r-feasurements 


Unit 

Level 

Period  Rated  Measured 

Rated 

Ifeasured 

Efficacy 

Max  R-16 

sec. 

%n 

%n 

^out 

^out 

Joules  Joules 

cd-sec 

cd-sec 

ohms 

004 

L 

2.6 

0.64 

0.91 

1.00 

1.22 

1.34 

40K 

004 

M 

2.6 

1.7 

2.63 

2.55 

2.65 

1.01 

15K 

004 

H 

2.6 

4.8 

6.62 

7.20 

7.5 

1.13 

1.5K 

009 

T 

u 

1.1 

0.64 

0.87 

1.00 

1.02 

1.18 

60K 

009 

M 

1.1 

1.7 

2.03 

2.55 

2.60 

1.28 

20K 

009 

H 

1.1 

4.8 

6.30 

7.20 

7.4 

l.i8 

3K 
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The  power  consumption  of  the  LS-t)9  essentially  consists  of  two  parts 
(1)  an  idle  current,  and  (2)  a  charging  current.  Ttie  current  is  drawn 
in  discrete  bursts  having  exponential  rise  and  fall  shapes  so  flat  as 
to  almost  appear  triangular.  During  the  charging  period,  these  spikes 
are  larger  and  more  numerous  than  during  the  idle  period  between 
charging  and  firing.  The  resistor  in  the  charging  circuit,  R-l6,  deter¬ 
mines  the  charging  rate.  R-l6  ves  varied  on  these  two  beacons  on  all 
energy  levels  to  determine  its  effect  on  total  enerpy  consunption, 
peak  current,  and  average  charging  current  levels.  Ihis  information  is 
of  interest  since  battery  power  units  have  limitations  on  the  rates  of 
discharge  if  the  full  ampere-hour  capacity  is  to  be  available.  The 
maximum  values  of  R-l6  vdiich  pennitted  fully  cnarglng  of  the  storage 
capacitors  Just  before  firing  are  listed  in  Table  5~3.  These  values 
vary  with  the  flash  rate  (characteristic)  as  well  as  from  unit  to  unit. 

For  large  values  of  R-16,  the  discrete  energy  spikes  are  far  enough 
apart  in  time  to  return  to  zero  before  the  start  ot'  the  ensuing  spike. 

As  R-l6  is  lowered,  the  start  of  each  charging  spike  occurs  prior  to 
the  termination  of  the  previous  spike,  yielding  essentially  a  DC  plus 
ripple  shape  in  the  charging  prol’lle.  Ihis  is  also  accotipanied  by  a 
lar^  initial  peak  value  at  the  onset  of  charging.  'Jlie  peak  of  this 
spike,  vrtiich  has  a  very  shor*t  duration,  was  not  measured.  In  the 
interest  of  minimizing  both  this  peak,  as  well  as  the  charging  level* 
R-16  should  take  on  a  value  enou^  to  separate  the  charging  spikes. 

No  conslstant  tendancles  were  noted  in  the  total  energy  drawn  as  R-l6 
was  varied. 

The  storage  C€g)acltors  In  the  15-59  are  Sprague  Electrtc  2KV  p^r 
mylar  capacitors  operated  at  80d  volts.  Although  past  EG&G  experience 
had  Indicated  that  a  Icaig-term  degradation  can  be  expected,  no  checks 
were  made  on  the  storage  capacitors.  In  the  life  test  of  #009,  there 
was  no  storage  capacitor  failure  even  thou^  the  beacon  was  operated 
over  a  period  in  excess  of  twice  the  useful  life  of  the  flashtube  larip. 
Expected  useflil  capacitor  life  cannot  be  accurately  predicted  at  this 
time.  Continued  future  use  may  be  expected  to  provide  some  indication 
of  this  at  a  much  later  date. 

5.1.7  Dayll^t  Controls  -  The  LS-59  purchase  descrlptlcn  required 
beacon  tum-on  before  the  resistance  across  the  daylight  control 
terminals  exceeded  50  K<^b  and  turn-off  before  the  resistance  falls 
below  10  Kohms.  Table  5-^  gives  the  "tum-on"  and  "tum-off"  values 
measured  on  ten  of  the  LS-59  unit.*..  Ihree  points  stand  out:  (1) 
resistance  values  Increase  with  voltage  (2)  the  turr>cff  resistance 
values  are  nominally  0.5  Kchms  less  than  the  tum-on  levels  and  (3) 
the  values  correspcwidlng  to  the  averaf^e  voltage  reaoings  in  the  range 
12-13  volts  are  nominally  15  Kchtits.  Appendix  C,  Davllfdtt  Control 
Effect  on  the  Accuracy  of  Power  Unit  Lifetime  Predictions .  shows  that 
all  three  are  undesirable  from  a  lifetime  prediction  standpoint.  It 
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#012  and  013  yield  false  characteristics  near  Daylif^t  Control  ON  and  OFF’  point: 


reconiryends :  (1)  Resistance  values  that  do  not  fluctuate  as  a  function 

of  closed  circuit  voltage  (CCV).  i.e.,  power  unit  life  (2)  a  mininuni 
difference  between  the  tum-on  arxi  turn-off  values  of  5  Kohm  (3)  a 
maxiinum  tum-on  resistance  of  MO  Kohns.  'ITiese  values  have  been  in¬ 
corporated  in  the  flashtube  purchase  description  recorrmended  in 
Appendix  B. 

5.1.8  Teitperature,  Shock,  Imnerslon  and  Humidity  Testing 

Under  contract  CX3-lM,M55-A,  EG&G,  Inc.  performed  sirulated  environ¬ 
mental  tests  to  determine  whether  lfi-59  desipn  had  any  weaknesses  or 
Inherent  failure  inodes.  The  I.S-59  (Serial  No.  007)  was  exposed  first 
to  tenperature  testing,  then  cmsecutively  to  shock,  humidity,  and 
Inmersion  testing.  Functional  testing,  modified  functional  testing, 
and  operation  testing  were  introduced,  as  necessary,  throughout  tlie 
envircnmental  testing  to  substantiate  the  urdt*s  electrical  and  per¬ 
formance  condition.  Visual  Inspection  of  the  unit  was  made  through¬ 
out  the  environmental  testing  to  establish  mechanical  Integrity.  Visual 
Inspection  was  concerned  nrlmarily  with  examination  of  the  flashtube 
assembly  and  the  upper  housing,  the  seal  1)6 tween  the  upper  and  lower 
housing,  and  with  the  mounting  elements  and  other  exposed  surfaces. 

In  its  Technic^  Report  No.  B3502  of  3  February,  1967  fc^G&G  con¬ 
cluded  that  “the  I£-59  -Medlisn  Power  Navigational  Beacon  has  no  inherent 
design  weaknesses  or  failure  modes.  The  unit  should  withstand  regular 
exposure  to  tenperature  extremes  of  from  0®P  to  125^^  without  ill 
effect.  Plirther,  such  shock  and  random  Immersion  as  it  would  be 
exposed  to  should  cause  no  ill  effects.  However,  sliouLd  the  unit  be 
exposed  as  it  is  presently  fabricated  to  very  high  himiidity  for 
extended  periods  of  time  while  in  a  nonroperatlonal  conditican,  seme 
deterioration  of  performance  might  be  expected. 

"The  problem  with  humidity  experienced  with  the  unit  tested  appears 
to  be  readily  cured.  The  application  of  a  coating  of  ixxrt  Coming  630 
silicone  to  the  printed  circuit  boards  within  the  unit  would  preclude 
ttie  formation  of  any  leakage  paths  in  the  event  that  any  moisture  were 
introduced  into  the  housing.  This  step  is  reconmended  for  all  subsequent, 
units.  It  is  further  recwimendeci  that  better  control  be  exercised  as 
regards  the  quality  of  seals  made  between  the  upper  and  lower  housing 
units,  'ihese  steps  should  insure  full  qualification  of  future  units 
through  all  environmental  testing." 

5.1.9  Reliability  -  There  were  no  failures  of  eauipment  coiiponents , 
other  than  the  flashtube  darkening  during  the  life  tost,  durinr  the 
laboratory  phase  of  the  testing,.  However,  prior  to  delivery  of  the 
twelve  beacons  to  the  Coast  Guard,  EG&G  performed  an  electronic  stress 
analysis  to  locate  corponents  which  might  cause  unreliable  operation. 

This  a-nalysis  was  made  with  an  input  voltage  of  18  volts.  'Hie  storage 
capacitors  had  the  hipiiest  rates  of  individual  conponents,  although 
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the  entire  tinting  circuitry  has  been  calculated  to  fiave  a  Jowt.>r 
reliability  than  the  storage  capacitors  cn  all  characteristicr. .  For 
an  average  of  13  hours  of  operation  a  day,  a  very  pe-sslmist  ic  annual 
reliability  has  been  calculated.  Table  5-5  lists,  by  char?ictc;ristic, 
timing  circuitry,  storage  capacitor,  and  overall  electronlf  predicted 
"safe"  reliabilities.  Wiis  has  also  been  converted  to  an  aid-day 
ratio  reliability. 

5.2  Field  E<'«>luaticai  Results 


5.2.1  Use  in  Channels  -  One  pilot  frorr>  Interport  Pilots,  /issociates, 
Inc.,  afte  using  the  flashtube  beacons  on  Ancrose  Channel  Buoys  lA,  3, 
5,  and  9  jr  six  months  stated  "They  should  never  be  placed  &•.  they 
have  been,  namely,  in  a  line  vhere  aie  may  not  easily  be  distinguished 
from  the  others.  We  believe  strongly  that  they  shoiUd  be  i.sed  on  turns 
and  beginnings  of  channels,  to  mark  that  turn,  and  to  indicate  a 
difference  from  the;  conventional  buoy."  Another  pilot  staled  "I  woiHd 
suggest  that  these  type  bupys  only  be  used  on  turns  and  entrances  to 
channels  so  that  mariners  can  improve  service  to  the  vessel  at;  the 
most  dangerous  locatleais  of  navigation."  The  president  of  the  Sandy 
Hook  Pilots  Benevolent  Association, stated  "...the  men  advocatt;  the 
locations  of  tl»  buoys  night  be  changed  so  as  to  have  them  lo<5ated  at 

OTtrance  of  the  (Ambrose)  channel  and  at  the  turns." 

5.2.2  Reduced  Effective  Intensity  cai  Airbrose  Channel  -  'lai  le  5-6 
coitpares  the  effective  intensities  of  the  final  LS-59  riashtul)e  beacons 
on  Anfcrose  Channel  with  that  of  the  former  Incandescent  ll/htr..  Tl;e 
reduction  in  the  intensities  was  at  the  request  of  the  locw^l  lilotr 
vho  had  voiced  strong  objecticxi  to  the  bri^tness  of  the  I.'-5d»s  which 
originally  had  effective  Intensities  coiparable  to  the  forrer  Incan¬ 
descent  lights.  The  preference  of  these  \xsers  was  for  a  reduction  In 
effective  intensity  can  all  but  the  entrance  buoy. 

Three  points  must  be  taken  into  account  before  sttorptlng  to  eval¬ 
uate  this  preference  of  the  mariner  to  reduce  the  intensltj  ol’  the.ve 
buoys;  (1)  When  headed  out  to  sea,  the  background  is  essei  ti.-illy  dartc, 
whereas  the  shoreline  of  Staton  Island  lies  aliead  wien  Iribcurei,  (?) 
There  is  a  two-station  range  on  Staten  Island,  and  /rrtorose  OfJ’shorc 
Tower  and  the  mid-channel  entrance  buoy  act  similarly  when  outbound, 
and  (3)  The  buoys  In  Ambrose  Channel  are  gated  over  the  full  exten* 
of  the  region  in  this  evaluation.  The  oily  clearcut  conch  sion  ti; 
can  be  made  is  that  the  dislike,  or  omoyance,  of  the  close  -ai  card 
"flashbulb"  effect  on  side  markers  is  of  more  concern  than  fne  lu:n  nous 
range  vhen  the  mariner  is  also  provided  a  range  and  convent  lonal 
flashing  incandesewt  red  lights  on  the  other  side  cf  the  ehainel. 

The  other  aids  present  preclude  the  validity  of  atterrpting  to  def  ii  o 
a  tradeofT  between  luminous  range  and  suprathreshold  coaspicu:ty. 
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TABI£  5-5  Confuted  Reliabilities 


Characteristic 

Timing  Circuit 

Reliability 
Storage  C^cltor 

Electronic 

AID-DAY 

Ratio 

QkPl(FT)H 

0.86 

0.93 

0.7^ 

.9992 

QkPl(PT)M 

0.86 

0.93 

0.80 

.999^ 

QkFl(FT)L 

0.86 

0.93 

0.80 

.999^ 

P12.5(Pr)H 

0.9^ 

0.97 

0.89 

.9997 

P12.5(FT)M 

0.9^ 

0.97 

0.92 

.9998 

P12.5(FT)L 

0.9^ 

0.97 

0.92 

.9998 

Pli|,0(Pr)H 

0.96 

0.98 

0.93 

.9998 

Pll<.0(pr)M 

0.96 

0.98 

0.95 

.9999 

Pli|.0(FT)L 

0.96 

0,98 

0.95 

.9999 

IQlcP110.0(PT)H 

0.70 

0.96 

0.6J4 

.9988 

IQkP110.0(I-T)M 

0.70 

0.96 

0.67 

.9989 

IQkP110.0(FT)L 

0.70 

0.96 

0.67 

.9989 

GP2-5.0(Pr)H 

0.76 

0.97 

0.72 

.9991 

GP2-5.0(Pr)M 

0.76 

0.97 

0.7^ 

.9992 

GP2-5.0(Pr)L 

0.76 

0.97 

0.74 

.9992 

GPl/3-8.0(Pr)H 

0.7^ 

0.96 

0.68 

.9990 

GPl/3-8.0(Pr)M 

0.7^ 

0.96 

0.71 

.9991 

GP1/3-8.0(FT)L 

0.7^ 

0.96 

0.71 

.9991 

Note:  The  middle  three  columns 

Indicate  the  ratio 

of  the  riuni)er  of  such 

beacons  still  operating  at  the  end  of  one  year  to  the  number  at  th('  beginning 
Ihe  last  column  assumes  one  day  renlacement  of  outaf'es  and  Indlcati-s  the 
ratio  of  the  total  nuntoer  of  d^ys  operational  (total  available  minus  tiu- 
number  of  outages)  to  the  total  number  possible  had  no  out'’ges  occ.-rred. 
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TABLE  5*^  Effective  Intensities  on  Ambrose  Channel 


Anhrose  Channel 

Effective  Intensity 

Lifted  Buoy 

Incandescent  (before  3/7/67) 

1^-59  (after  9/7/68) 

lA 

no  cd. 

100  cd. 

3 

65 

40 

5 

no 

40 

9 

150 

40 

since  the  range  provides  direction  Infonnatlon  and  the  red  liphts  on 
the  gated  side  markers  satisfy  the  mariners  distance  requirements. 

The  "flashbulb"  effect  vdll  be  discussed  in  Chapter  6  and  Aj^pofidix  D. 
The  pilots  have  indicated,  however,  that  the  flashtube  source  c»i  turns 
and  entrances  is  a  good  idea.  It  is  felt  that  at  tiiese  10!*.atlons,  the 
"flashbulb"  annoyance  is  a  reminds  that  the  channel  is  ch^rnging. 


5.2.3  Shock  and  Vibration  -  The  IG4cP110.0(PT)K  beacon,  #005  was 
originally  installed  on  Fisherman’s  Obstruction  Lifted  Beil  Biwy  off 
Sandy  Hook,  New  Jersey.  After  satisfactory  perfonnarwe  there  for  nine 
nonths,  it  was  used  for  one  and  om-iialt  months  an  the  New  Orleans 
Llf^tship  Replacement  Bell  Buoy*  The  tests  continued  in  the  ciulf 
of  Mexico  on  Calcasieu  Channel  Lighted  Bell  Buoy  46,  i^re  this  beacon 
lasted  five  mc«ths  before  ftdllng.  This  hi§^i-enerK'^,  coepLex-ddaracteiv 
Istlc  beacon  produced  approximately  15  mllliaa  flicks  befoj'e  failing 
vhile  used  exclusively  on  lighted  bell  buoys.  The  reason  for  beacon 
failure  was  a  flashtube  loip  failure. 

5.2.4  Conplexly  Lighted  Backgrounds  -  On  31  July  11^67,  thn 
GP2-5.0(pr)H  beacon,  #012,  was  Installed  on  Joe  Curtis  735.2  i'Tlle  Lijfht 
<m  the  Mississippi  River  in  the  midst  of  the  bwjkground  llfdits  of 
I/fen?M8,  Tennessee.  After  three  months  operation,  the  Seci^  Bistr’ict 
assessed  its  operation  as  follows: 


"All  responses  received  to  date  have  been  favontble.  ffest  comnented 
on  its  edbility  to  be  effectively  distinguished  from  surraindinj' 
background  lighting  regardless  of  color.  A  few  mariners  observed 
that  the  light  could  be  Ir^sroved  if  the  flash  period  could  be  made 
longer.  The  short  flash  period  causes  sane  difficulty  in  lining 
up  the  light.  This  corplaint  has  been  mild  in  nature  ;ind  not  con¬ 
sidered  to  be  too  significant  (at  this  location).  As  n  rule,  the 
pilots  use  the  reflective  daymarks  to  steer  on  once  thiy  have 
located  the  ll^ts. 


"It  is  the  opinion  of  this  command  that  the  X«ion  Flashtube  li;-ht 
does  have  ay^llcation  on  the  Western  Rivers  and  is  effjctive  as  a 
navigational  light  In  areas  with  bright  background  lig)iting." 


5.2.5  Effectiveness  in  Fog  ~  Beacon  <^007,  operatlnp;  on  a  J‘’12.5(FT)H 
characteristic  was  tested  at  three  locations  in  the  Seattle  ai'ea.  The 
mariners  comments  were  mostly  directed  towards  the  better  ccxispicuity  of 
the  flashtube  source  against  lighted  backgrounds,  and  the  difficulty  in 
taking  visual  bearings.  Evai  so,  "At  short  ranges,  the  locm  of  the  flash- 
tube  has  been  reported  visible  under  low  visibility  conditiois  vrtien  in- 
candesceit  lanps  in  the  Inmedlate  area  were  not."  Cormander  (oan), 
Thirteenth  Coast  Guard  District  further  feels  "Because  of  this  property, 
it  is  believed  that  a  flashtube  mi^t  be  developed  into  a  suitable  short 
range  fcg  signal,  especially  for  those  areas  in  vdiich  noise  must  be 
limited." 

5.2.6  Con|)arlson  of  P12.5(Pr)X  and  P1M.0(0.^)  Characteristics  - 
Figure  22  of  Field  Testing  and  Development  Center  Report  411,  Project 
H2-2,  shows  that  these  two  characteristics  are  equivalent  in  the  time 
require  to  take  a  bearing  <mi  them,  l.e,,  vhen  a  gyro  repeater  (as  seen 
through  a  pelorus)  serves  to  stabilize  the  observerj;  line  of  sight.  This 
conclusion,  however,  cannot  validly  be  extended  to  the  situation  of 
observations  without  the  pelorus.  The  Ambrose  Channel  Investigation, 
vhlch  included  such  a  change  in  characteristics  on  three  bupys,  produced 
no  conments  from  t.he  mariners  about  this  change.  However,  the  pilots 

on  the  St.  Mary’s  River  expressed  discontentment  with  the  short  flash 
length.  The  reduction  in  eclipse  time  from  3.6  to  2.5  seconds  can  be 
expected  to  reduce  the  extent  of  fixation  drift  between  flashes,  but  the 
flashtube  flick  is  too  shoi?t  to  permit  fixation  during  the  flash. 

5.2.7  Increased  Fewer  Unit  Lifetimes  -  The  recharge  period  for 
Ambrose  Channel  Lighted  Buoy  9  increased  from  275  days  to  2700  days  when 
the  LS-59  was  Installed.  This  can  be  broken  down  as  follows: 

a.  155nm  Lantern  vice  200iTin  Lantern  125  da,vs 

D.  40  vice  150  Equivalent  Candela  950  days 

c.  Increased  efficacy  of  LS-59  1350  days 

Of  course,  had  this  buoy  had  a  40  candela  output  with  a  155nin  lantern 
before  the  conversion,  the  recharge  period  would  have  teen  1350  days, 
yielding  in  this  case  a  doubling  of  the  recharge  period  for  the  same 
equivalent  intensity. 

Actual  performance  camot  easily  be  corpared  to  predlc-;ed  lifetimes 
for  all  the  LS-59 ’s  In  the  field.  Some  beacorv;  were  moved  around  I’Tcm 
station  to  station,  one  buoy  collided  id-th  and  swanped,  and  some  s*  111 
on  the  first  set  of  batteries.  However,  on  Anbrose  Channe.  Lighto  •.  Buoy 
3,  with  one  12SJ  power  unit,  a  reted  life  of  875  days  was  predicted  for 
F12.5(Pr)M  characteristic.  These  batteries  lasted  750  day:?,  570  days 
on  F12.(Pr)M  and  I80  days  on  F12.5(FT)L.  This  prediction  was  about 
3055  optimistic.  On  Ambrose  lA,  with  two  12SI’s  and  oiy^  month  vd-th  a  l.lO 
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amp  Incandescent  lamp  before  L5-59  Installation,  a  battery  lifetime  of 
^25  days  af!aln  fell  about  30%  short  of  the  predicted  570  days.  At 
Memphis,  the  GP2.5.0(FT)H  lasted  280  days  Instead  of  297  predicted  for 
two  2SJ's  and  two  3SJ’s.  Rrom  the  limited  amount  of  good  field  data 
collected  thus  far,  it  can  caaly  be  stated  that  the  power  unit  lifetime, 
for  the  same  effective  intensity,  is  increased  by  fifty  to  one-hundred 
percent  vhen  changing  from  an  Incandescent  source  to  the  LS-59  flash- 
tube  beacon.  In  other  words,  the  15-59,  in  order  to  produce  an  eoul va¬ 
lent  effective  intensity,  will  draw  from  one-half  to  two-thirds  the 
power  as  an  Incandescent  lairp. 

5.2.8  Reliability  -  The  reliability  of  the  LS-59  flashtube  beacon 
has  thus  far  been  upheld  in  the  field  tests.  On  Airhrose  Channel,  for 
example,  after  three  flill  years  of  operation,  three  of  the  four  LS-59 's 
have  not  been  serviced,  while  the  fourth  operated  for  two  and  a  half  years 
before  the  buoy  was  struck  in  a  collision  with  a  ship.  The  P12.5(!'T)H 
in  Seattle  is  still  operating  after  one  and  a  half  years,  The  IQkPllO.O 
(FT)H  on  the  bell  buoys  has  already  been  noted  as  lasting  fifteen  months 
before  flashtube  lamp  failure.  Ihe  GP2-5.0(FT)H  in  Memphis  failed  after 
nine  months.  The  F12.5(FT)H  on  the  St.  Ttory's  River  is  still  operating 
after  six  months. 

In  summary,  the  only  natural  catastroj^iic  failures  in  the  field 
evaluation  occured  on  the  two  beacons  with  the  complex  characteristics, 
and  both  of  these  were  operating  at  hifdi  power  levels.  These  lasted 
throu^  5.7  and  15  million  flicks.  The  six  beacons  with  tiie  simple 
characteristics  have  lasted  through  as  much  as  47  million  flicks  with¬ 
out  a  natural  catastrophic  failure. 


6.  DISCUSSION 

6*1  Advantages  and  Disadvantages  of  Slryrle  Flick  Flashtube  Beacons 

6.1.1  Advantages  -  Ihe  folloidng  advantages  exist  for  single  flick 
condenser  discharge  flashtubes: 

a.  The  extremely  short  flash  length  of  a  flick  lies  deep  In  the 
Bloch's  law  asynptote  of  the  Blondel-}^  x«lation8hip,  and  h^ice  provides 
a  higher  effective  intaislty  than  a  longer  flash  of  equal  Intefrated 
intensity.  The  tenporal  distribution  of  the  lif^t,  therefts«,  maxirlzes 
the  luminous  range  for  a  given  integrated  Intensity  (an  equal  amount  of 
light). 


b.  The  conversion  efficiency  at  the  light  source  is  greater  t^mn 
that  of  an  Incandescent  lanp. 

c.  The  lanp  life  reliability  of  a  single  PX-71  flashtube  lanp 
is  several  times  greater  than  the  combined  latip  life  of  six  incai>> 
descent  lanps,  and  about  ten  times  as  long. 

d.  The  flashtube  flick  is  very  distinctive  or  axi^plcuous  against 
actual  complexly  lighted  marine  badoToisids. 

e.  The  periphery  of  the  retina  (scotopic  vision)  is  far  more 
sensitive  to  the  blue-vdnite  color  of  a  fluishtvhe  than  the  zrddisti  white 
of  an  Incandescent  lanp  which  is  equally  detectable  in  ptotopie  (central; 
vision. 


f .  The  electronic  circuitry  of  the  flashtube  baocon  hfis  a  power 
drain  carparable  to  that  of  the  combined  fiasheivlanpchanger  combi¬ 
nation  now  in  use. 

The  result  of  these  advantage  is  a  more  reliable  light  source 
vMch  for  the  same  luminous  range  is  more  conspicuous  and  more  econom¬ 
ical  (longer  service  periods  for  both  batteries  and  lan|»). 

6.1.2  Disadvantages  -  The  following  disadvantages  exist  for  the 
LS-59; 


a.  The  spectral  ccaitent  of  the  xenon  flash  is  general  ly  low  at 
lor^  wavelengths.  A  very  low  transmittance  would  result  fi'om  a  IM ’ter 
cfi^able  of  producing  an  acceptable  signal  red.  An  incandescent  so. roe 
would  produce  a  more  economical  red  light. 

b.  If  the  flashtube  were  color  coded,  the  very  short  flashlerv’th 
makes  color  naming  (proper  color  identification)  extremely  difficult. 


c.  TThe  short  flashlength  makes  fixation  all  but  Irrpossible  on 
dark  backgrounds  without  the  aid  of  fixation  cues. 

d.  If  the  flash  occurs  during  a  normal  saccadic  movement  of  tb.e 
eye,  the  "Juirp  effect*'  is  present  and  the  light  is  seen  in  the  wrong 
place  (somewhere  that  it  isn't  and  not  vfliere  it  is)  in  the  field  of 
view. 


e.  When  close  aboard  at  very  high  supra-threshold  levels,  the 
apparent  brigjitness  is  so  high  that  the  annoyance  of  the  "f’lashbulb 
effect"  is  confusing  and  can  be  detrimental  to  the  preservation  of 
nlgjit  vision. 

6.1.3  Ijlmitatlons  caused  by  disadvantages  -  15-59  flashtubes  should 
not  be  color  coded.  Ihis  limitation  is  imposed  by  disadvantages  a. 
and  b,  above.  Disadvantages  c.,  d.,  and  e,  are  close Jy  I'e.lated  in 
origin,  and  place  limitations  on  ttie  use  of  LS-59's  depending  upfxi 
the  particular  usage  in  mind  rather  than  as  a  generfil  restriction. 

The  LS-59  should  not  be  used  on  range  lights.  At  one  point  on  the 
St.  Marys  River,  the  IS-59  was  used  as  the  front  range  llgiit  with  a 
fixed  rear  light.  Ihe  aspect  of  the  two  lights  in  space  wis  found 
difficult  to  Judge  and  not  at  all  liked  by  the  pilots.  The  use  on 
channel  buoys  was  not  found  to  be  acceptable  to  mariners,  although 
its  conspiadty  close  aboard  finds  favor  at  obstructions,  channel 
entrances,  and  turn  buoys.  In  this  respect,  when  vessels  {u?e  apt  to 
come  into  very  close  proximity  to  a  buoy,  the  LS-59  should  be  used 
only  if  the  buoy  station  Indicates  a  warning  to  stay  clear,  or  that 
the  buoy  marks  other  than  the  continuity  of  the  side  of  a  straight 
segment  of  a  channel.  One  vessel  Master  on  the  Lakes  concluded  that 
the  flashtube  "is  a  menace  to  navigation  and  not  an  aid  to  navlgaticai" 
v^n  passing  close  aboard. 

6.2  Potential  Advantages  of  Burst  Deacons 

A  burst  beacon  permits  Wveral  valuations  worth  considering  vrt-iich  may 
minimize  the  disadvantages  of  the  LS-59  v^ile  still  closely  meeting 
the  advantages.  By  producing  a  short  flash  containing  seveiral  flicks, 
the  peak  intensity  can  be  reduced  by  a  factor  approximately  equal  to 
the  nunber  of  flicks,  which  could  reduce  the  "flashbulb  efJ’ect".  Jn 
so  doing,  the  flashlength  is  effectively  made  longer,  and  if  suffi¬ 
ciently  long  the  observer  will  be  enable  of  fixating  during  the 
flash.  The  jump  effect,  if  still  present,  will  be  apparent-  and  cap¬ 
able  of  coding.  Ibe  longer  flash  may  also  permit  eventual  color 
coding  if  and  when  efficient  flashtubes  of  much  lower  coloi-  temper’- 
ature  are  producible.  It  is  conceivable  that  the  state-of-the-art  of 
flashtube  technology  will  advance  to  this  stage  using  gaser.  other 
than  xenon,  different  operating  voltages,  arxJ/or  different  internal 
pressures  in  the  flashtube.  At  sufficiently  high  luminances  as  when 
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appreciably  above  threshold,  repetition  rate  will  be  below  critical 
flicker  frequency  (CFT’)  causing  a  multi-flick  burst  to  appear  flickering 
within  the  flash.  This  distinctive  characteristic  could  conceivably 
aid  in  the  conspicuity  of  a  li^t  against  a  complexly  lighted  background, 
Ihe  necessary  flashlength  should  be  found  to  be  no  longer  than  the 
shortest  flashlengths  now  used  with  incandescent  lamps.  Although 
departure  from  the  Bloch's  law  asynptote  would  occur,  the  lack  of  a 
current  surge  found  with  incandescent  lanps  will  benefit  the  efficacy 
of  the  burst  beacon,  particularly  at  the  flashlengths  of  our  shortest 
Incandescent  flashes  virtiich  have  the  largest  surge  factors.  Preliminary 
research  into  multi-flick  bursts  has  already  begun  in  other  projects 
to  investigate  these  expected  advantages,  but  there  are  no  findings 
to  report  at  this  writing, 

6.3  Uses  of  Condenser-discharge  Llpht  Sources 

Characteristics  and  uses  can  be  set  in  a  definitive  manner  for  flashtube 
beacons  and  tentatively  for  burst  beacons. 

6.3.1  Flashtube  beacons  -  To  maintain  consistancy  with  presently 
used  meanings  of  various  characteristics  on  buoys,  the  following  uses 
of  flashtube  beacon  characteristics  falls  into  place: 

a.  Side  Markers  (red  buoys  and  black  buoys)  -  simple  slew  flashing 
not  to  exceed  thirty  flashes  per  minute  -  P12.5{F1’)X  -  Flashtube  beacons 
should  not  be  used  on  channels  other  than  the  entrance  buoy,  but  may  be 
used  c»i  red  buoys  and  black  buoys  not  marking  the  side  of  a  channel . 

b.  Turns,  Constrictions,  Wrecks,  and  Obstructions  -  a  simple  fast 
flashing  characteristic  of  at  least  60  flashes  per  minute  -  QkFKFl'lX  - 
when  vessels  must  jass  close  aboard,  the  enerf^  level  should  Ije  minimal, 
preferably  low. 

c.  Junctions  and  Bifurcations  -  an  interrupted  fast  flashing 
characteristic  repeated  about  6  times  per  minute  -  10kFl(Fj’)X  -  a  low 
energy  level  is  preferred  since  these  buoys  Invarialily  lie  on  the  sides 
of  channels. 

d.  Mid-charnel  Buoys  -  A  Morse  Code  "A"  characteristic  (Short/ 

Long)  repeated  about  8  times  per  minute  -  GPl/3-8,0(Pr)X  is  the  flashtube 
beacOTi  version  of  this  characteristic. 

e.  Minor  lights  ashore  -  Any  characteristic  noimally  used  on  a 
minor  light  may  be  used  with  the  flashtube  beacon  source.  Flashtube 
beacons  should  not,  however,  be  used  on  range  lights. 

6.3.2  Burst  Beacons  -  It  is  anticipated  that  bui’st  beacoru-.  will  be 
programable  to  any  standard  characteristic  with  the  exception  that  the 
flash  laigths  will  be  shorter,  and  pending  future  work  they  will  be; 
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useful  anywhere  without  restrictions  other  than  nonnal  use  of  the 
characteristics. 

6.^1  Standard  Enerpy  Levels 

The  standard  energy  levels  in  the  ^-59  for  the  enei’gy  dis;:ipated  In 
the  flicks  are  calculated  from  *5CV^.  Operating  at  dOO  vol^is,  the 
capacitances  of  2,  5,  and  15  microfarads,  the  stores i  energies  are 
0.6^,  1,6,  and  ^.8  joules  for  the  lov;,  medium,  and  iiirh  le'/els  respec¬ 
tively.  Ihe  entire  beacon  draws  approximately  1.0,  2.5,  and  7.0 
Joules  to  ope'^ate  at  these  ener^  levels.  The  conversion  <.o  luminous 
energy  yields  flashes  with  Integrated  Intensities  of  1.0,  2.4,  and 
7.2  cd-sec.  per  flick. 

6.4.1  Considerations  based  upon  Battery  Capacities  -  Consider  sun 
switch  operation,  using  the  standard  14  hrs/day  on  i-imo,  and  1000  Ml 
battery  capacity.  Table  6-1  lists  the  service  period  of  such  a  poi;er 
source  for  all  LS-59  characteristics.  Seme  s.Tiall  variations  can  be 
expected  between  individual  units,  'i’he  current  drain  during  the 
charge  periods  can  be  taken  to  be  about  0.6  aips,  with  an  '.nitial 
very  short  spike  about  2-4  times  that  value,  'ihe  choice  of  batteries 
and  nuntoer  of  banks  should  be  based  upon  the  0.8  amr)  drain  for  charging 
periods  of  0.1,  0.25,  and  0,75  seconds  for  the  three  energ^'  levels. 

The  initial  spike  can  be  disregarded. 

6.4.2  Considerations  based  upon  range  requirements  -  Table  6-2 
summarizes  the  luminous  ranges  on  three  backgrounds  for  vai’ious  tr?ins- 
mlssivlties  for  conmon  flashing  characteristics  for  both  the  LS-59 
eiergy  levels  (3)  and  five  conmon  lamp  sizes.  There  is  a  goal  mix 
between  the  flashtube  effective  intensities  and  the  incandescent 

lamp  effective  intensities,  although  the  flashtubes  never  exceed  ts.e 
maximum  intensities  achievable  with  Incandescent  larps.  An  Increa-.e 
of  33^  for  the  flashtubes  could  be  achieved  by  raising  the  high  ont  rgy 
from  15  to  20  microfarad  storage  capacitance.  This  is  the  largest 


TABLE  6-1  Naninal  Service  Periods 


Characteristic 

Battery  Service  Period  ro” 
Low  Power  Medium  Pewer 

lOOOAJ.  at  14 
liigh  Poi'/er 

QkPKFDX 

860  days 

;;4&  uays 

120  da.vs 

IQkPKFT^X 

1430 

57c 

200 

GPl/3-3.0(Fr)X 

1720 

680 

240 

F12.5(Fr)X 

3430 

660 

300 

GP2-5.0lPr)X 

3430 

860 

300 

25 


TABLfc:  6-2  Lurrinous  Ranpea  ^or  Buoys 


Candela  Incandescent  Characteristic.-  &  Lanp  size  Li 


QkPl(0.3) 

Fl4';o.4)  P12.5(0.5) 

rtoA 

Dark  Background 

Minor 

T».9  T*.7 

T=.5  T».3 

T=.l 

T*.9  ' 

155nni  Lantern 

0-49 

Pr/0.55 

FT 

FI' 

FT 

6.2 

4.0 

3.0 

2.2 

1.4 

2.5  j 

50-99 

.77 

.55/. 77 

.55/. 77 

.55/. 77  a.O 

5.0 

3.6 

2.5 

1.6 

3.3  ' 

100-149 

Fr/1.15 

l.lS/zT 

PT 

1.15/FT  9.0 

5.6 

3.9 

2.8 

1.7 

3.9 

150-199 

3.15 

10.0 

5.9 

4.1 

2.9 

1.8 

4.3 

200-299 

Pr/2.03/3.05 

FT  FT/2.03/3.05 

11.2 

6.5 

4.4 

3.1 

2.0 

5.1  , 

300-399 

2.03/3.05 

12.4 

7.0 

4.7 

3.3 

-)  1 
u  »  ^ 

c  n 
t  1 

250nin  lantern 

) 

0-49 

FT 

FT 

FT 

FT 

6.2 

4.0 

3.0 

2.2 

1.4 

2.5  ' 

50-99 

.55/.77 

.55 

8.0 

5.0 

3.6 

2.5 

1.6 

3.3 

100-149 

FT 

FT/.  77 

FT/.55/.77 

9.0 

5.6 

3.9 

2.8 

1.7 

3.9 

150-199 

1.15 

10.0 

5.9 

4.1 

2.9 

1.8 

4.3  ' 

200-299 

1.15 

1.15 

11.2 

6.5 

4.4 

3.1 

2.0 

5.1 

300-399 

Pr/2.03/3.05  Pf/2.n3  pt 

12.4 

7.0 

4.7 

3.3 

2.1 

400-499 

3.05 

2.03 

13.1 

7.3 

4.9 

3.4 

2.1 

6.2  ' 

500-599 

3.05 

14.0 

7.6 

5.0 

3.5 

2.2 

6.6  : 

300nin  lantern 

50-99 

FT 

FT 

FT 

8.0 

5.0 

3.6 

2.5 

1.6 

3.3  - 

100-149 

FT/. 55 

FT/.  55 

FT/.  55 

9.0 

5.6 

3.9 

2.8 

1.7 

3.9 

150-199 

.77 

.77 

.77 

10.0 

5.9 

4.1 

2.9 

1.8 

4.3 

200-299 

1.15 

1.15 

1.15 

11.2 

6.5 

4.4 

3.1 

2.0 

5.1 

300-399 

FT/2.03 

FT 

FT 

12.4 

7.0 

4.7 

3.3 

2.1 

5.7 

400-499 

3.05 

13.1 

7.3 

4.9 

3.4 

2.1 

6.2 

500-599 

2.03/3.C5  2.03 

14.0 

7.6 

5.0 

3.5 

2.2 

6.6 

600-799 

3.05 

15.0 

8.0 

5.3 

3.7 

2.3 

7.3 

Allowing  for  a  15%  degradation  of  atmospheric  transmittance  due  to  air  pollutii 
CGr-250-37  was  collected,  these  transmissivities  are  met  or  exceeded  as  shown  bj 

T®0.9  met  or  exceeded  2-3%  of  the  time  ' 

T»0,7  met  or  exceeded  65-70%  of  the  time  (T»0.! 

T«*0.5  met  or  exceeded  about  85%  of  the  time 

T=0.3  met  or  exceeded  about  92%  of  the  tine  i 

T=0.1  met  or  exceeded  about  9555  of  the  time  i 


BjE  ^-2  LunlnoiiR  Ranpws  for  Buoys 


Larp  size  Luminous  Range 

MoA  Dar^  Background  r>'Ilnor  Background  City  Background 


T*.9 

T*.7  T=.5 

T«.3 

T«.l 

T-.9  T«.7 

T*=.5  T^.3 

T».l 

T«.9  T-.7  T«.5 

T«.3  T-.l 

FT  6.2 

4.0 

3.0 

2.2 

1.4 

2.5 

1.9 

1.6 

1.^ 

0.9 

O.R 

n  7 

n  7 

n 

n  e* 

.55/. 77  8.0 

5.0 

3.6 

2.5 

1.6 

3.3 

2.5 

2.0 

1.5 

1.1 

1.2 

1.0 

0.9 

0.7 

o'.6 

1.15/Pr  9.0 

5.6 

3.9 

2.3 

1.7 

3.9 

2.6 

2.2 

1.7 

1.1 

1.4 

1.2 

1.0 

0.9 

0.7 

10.0 

5.9 

4.1 

2.9 

1.8 

4.3 

3.0 

2.4 

1.8 

1.2 

1.6 

1.3 

1.2 

0.9 

0.7 

03/3.05  11.2 

6.5 

4.4 

3.1 

2.0 

5.1 

3.5 

2.7 

2.0 

1.3 

1.9 

1.6 

1.3 

1.1 

12. i| 

7.0 

4.7 

3.3 

2.1 

5.7 

3.2 

o  r\ 

^  n 

1  li 

£~*C. 

^  n 
Jl.O 

•  1 

-!.,£■ 

FT  6.2 

4.0 

3.0 

2.2 

1.4 

2.5 

1.9 

1.6 

1.3 

0.9 

0.8 

0.7 

0.7 

0.6 

0.5 

8.0 

5.0 

3.6 

2.5 

1.6 

3.3 

2.5 

2.0 

1.5 

1.1 

1.2 

1.0 

0.9 

0.7 

0.6 

9.0 

5.6 

3.9 

2.8 

1.7 

3.9 

2.8 

2,2 

1.7 

1.1 

1.4 

1.2 

1.0 

0,9 

0.7 

10.0 

5.9 

4.1 

2.9 

1.8 

4.3 

3.0 

2.4 

1.0 

1.2 

1.6 

1.3 

1.2 

0.9 

0.7 

11.2 

6.5 

4.4 

3.1 

2.0 

5.1 

3.5 

2.7 

2.0 

1.3 

1.9 

1,6 

1.3 

1.1 

0.8 

12.1| 

7.0 

4.7 

3.3 

2.1 

5.7 

3.8 

2.9 

2.1 

1.4 

2.2 

1.8 

1.4 

1.2 

0.9 

13.1 

7.3 

4.9 

3.4 

2.1 

6.2 

4.0 

3.0 

2.2 

1.4 

2.5 

1.9 

1.6 

1.3 

0.9 

'  1^1.0 

7.6 

5.0 

3.5 

2.2 

6.6 

4.2 

3.2 

2.3 

1.5 

2.7 

2.0 

1.7 

1.4 

1.0 

8.0 

5.0 

3.6 

2.5 

1.6 

3.3 

2.5 

2.0 

1.5 

1.1 

1.2 

1.0 

0.9 

0.7 

0.6 

9.0 

5.6 

3.9 

2.8 

1.7 

3.9 

2.8 

2.2 

1.7 

1.1 

1.4 

1.2 

1.0 

0.9 

0.7 

10.0 

5.9 

4.1 

2.9 

1.8 

4.3 

3.0 

2.4 

1.8 

1.2 

1.6 

1.3 

1.2 

0.9 

0.7 

11.2 

6.5 

4.4 

3.1 

2.0 

5.1 

3.5 

2.7 

2.0 

1.3 

1.9 

1.6 

1.3 

1.1 

0.8 

12.4 

7.0 

4.7 

3.3 

2.1 

5.7 

3.8 

2.9 

2.1 

1.4 

2.2 

1.8 

1.4 

1.2 

0.9 

13.1 

7.3 

4.9 

3.4 

2.1 

6.2 

4.0 

3.0 

2.2 

1.4 

2.5 

1.9 

1.6 

1.3 

0.9 

14.0 

7.6 

5.0 

3.5 

2.2 

6.6 

4.2 

3.2 

2.3 

1.5 

2.7 

2.0 

1.7 

1.4 

I.O 

15.0 

8.0 

5.3 

3.7 

2.3 

7.3 

4.6 

3.4 

2.4 

1.6 

3.0 

2.2 

1.8 

1.5 

1.0 

spheric  transmittance  due  to  air  poUutior.  since  the  transmissivity  data  in 
ssivities  are  met  or  exceeded  as  shown  below.  Average  for  all  US  waters, 
ret  or  exceeded  2-3?  of  the  time 

net  or  exceeded  65-70?  of  the  time  (T-O.TitO.l  occurlng  1/2  of  the  time) 

■net  or  exceeded  about  85?  of  the  time 
T)5t  or  exceeded  about  92?  of  the  time 
net  or  exceeded  gybout  95?  of  the  time 


storage  that  can  physically  fit  vdthin  the  LS-I!)9  housing.  To  do  so 
however,  will  increg^e  the  luminous  range  by  no  rnoix-  than  ten  percent. 

Hie  high  energy  1^-59  should  be  sufficient  to  replace  almost  all  of 
the  bri^test  lights  now  on  buoys.  VJhere  brighter  lights  Jire  needed 
on  minor  lights  ashore,  the  15-59  buoy  flashtube  beacon  will  not  bo 
a  satlsfactor7  replacement. 

Ihe  ratio  of  energy  levels  is  1:2. 5*.?. 5.  The  effective  Intensities 
are  similar.  EXie  to  Allard's  Lav;,  however,  the  luminous  ranges  approxi¬ 
mately  follow  1:1. 3: 1.8.  That  is,  the  ratio  of  low  range  to  medium 
range,  and  of  medi.um  range  to  high  range  are  both  about  3/^*.  The  low 
and  high  energy  are  both  comparable  to  the  inteasitier,  of  the  dlimiest 
and  briphtest  Incandescent  lights,  and  the  medi.um  energy  flashtube 
produces  approximately  the  geometric  mean  intensity.  With  this  in  mind, 
the  three  enei^Qr  levels  provide  good  coverage  of  the  range  of  Intensities 
now  in  use  with  Incandescent  lanps  on  buoys. 

Table  6-3  contains  pertinent  data  on  the  15-59  in  marine  slpnal 
lanterns. 

6.5  Performance  as  Buoy  Lights. 

6.5«1  Lanps  -  Presently  used  12v  Incandescent  marine  sigred  lanps 
have  rated  lifetimes  of  500  hours.  The  mortality  curves  show,  however, 
that  there  is  a  large  variation  in  the  lives  of  Individual  lanps  as  well 
as  the  fact  that  500  hours  is  too  large  of  a  figure  to  use  in  the  r-eal 
world  situation.  Hje  effects  of  shock  and  vibration  on  sound  buoys, 
current  surges  in  flashing  lamps,  as  well  as  a  variety  of  v«ather  and 
temperature  all  tend  to  decrease  the  lanp  life.  Ibe  use  oi’  a  six- 
place  lampchanger  does  increase  the  exi)ected  lifetine  of  the  iiphting 
equipment  and  dtecreases  the  variance  of  service  time*  until  failure,  but 
it  is  a  matter  of  both  providing  uninterrupted  service  as  ’.^^ell  as  pride 
that  requires  replacement  of  lanps  before  an  outage  due  to  failed  lamps. 
Ihe  practice  has  evolved  to  check  the  lanps  in  each  aid  two  to  four 
times  a  year  to  relamp  the  aid  before  failure  of  all  lanps.  Prom  the 
servicing  point  of  view,  this  is  a  costly  and  time-consuming  practice. 

It  has  been  pointed  out  that  catastrophic  failure  of  the  PX-71 
flashtube  lanp  can  be  expected  to  take  place  long  ai'ter  tht*  efficacy 
is  reduced  to  55!?  of  its  initial  vjdue  by  the  i^iveloDe  darkening.  Ihis 
value  of  55/?  is  referred  to  since  Jt  is  tlie  aoout  the  value  that  can  be 
expected  fim  an  incandescent  lamp  (which  has  laste(j  a  rea-.oaable  -ife) 
JiAst  before  catastrophic  failure  of  the  filament,  '’able  5-1  Llste  the 
number  of  flicks  which  caji  be  expected  when  this  point  is  rcached.  Un¬ 
like  the  incandescent  case  vhere  failure  and  an  outage  requiring,  ir-me- 
diate  attention  occurs,  the  flashtube  beacon  v/ill  continue  to  operate, 
but  at  a  lower  luminous  output  level.  For  the  typical  cast*  of  a 
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transmissivity  of  0.7  per  sea  mile,  a  fifty  percent  reduction  in 
intensity  reduces  the  luminous  ranpe  by  less  than  Hwice,  the 
replacement  of  a  flashtube  beacon  due  to  reduced  luminous  output  is 
sanewhat  flexible  in  scheduling  without  fear  of  catastrophic  failure 
or  a  terribly  weak  light,  liable  S-k  lists  the  (coas«rvative  estimate) 
effective  service  life  of  the  LS-59  flashtube  lamp  as  a  functicai  of 
energy  level  for  various  characteristics  assuming  1^  hours  per  day 
operation. 

It  is  readily  noted  fran  this  table  that  the  OkJ>’l(FT)H  flashtube 
beacon  is  the  only  characteristic  vdilch  required  servicing  of  the  flash- 
tube  lanp  more  often  than  once  every  two  years,  and  that  even  this  worst 
characteristic  does  not  require  normal  laitp  replacerent  mor-e  than  once 
every  sixteen  months.  This  is  quite  an  Inprovement  over  checking  and 
relamplng  every  12v  minor  aid  every  3-6  months,  greatly  reducing  the 
amount  of  servicing  required  by  such  a  li^dited  aid. 

6.5.2  Electronics  -  Section  5.1.9  discussed  the  electronic  stress 
an^ysis  made  by  EG&G,  with  the  results  of  a  pessimistic  "worst  case" 
annual  reliability  summarized  in  Table  5-5.  This  resulted  in  only  the 
complex  characteristics  having  timing  circuit  relial'ilitier  of  less 
than  0.85,  due  to  the  conplexlty  of  those  circuits.  It  is  of  interest 
to  note,  of  course,  that  the  lack  of  failures  of  the  electr'onlcs  ai  the 
field  and  laboratory  tests  thus  far  substantiates  the  pessimism  in  the 
analysis.  Ihe  electronics,  in  fact,  has  exceeded  the  0.95  annual  i^eli- 
ability  required  of  solid-state  flashers  used  with  Incandescent  lamos. 

The  storage  capacitors  are  more  prone  to  failure  than  the  i-est  of  the 
electronics.  There  is  Insufficient  data  available  to  determined  when 
these  conponents  should  be  changed  as  a  preventive  measure,  but  certainly 
no  more  often  than  the  flashtube  lamps. 


TABLE  6-^  Flashtube  Lamp  Life 

Characteristic  Effective  Lamp  Life  (months) 

High  Medium  Loiv 

QkPKPDX  16.5  50  132 

IQkPKPDX  27.5  82.5  220 

GP1/3-8.0(HI’)X  33  99  265 

P12.5(Fr)X  ^1.5  126  330 

GP2-5.0(FT)X  ^1.5  126  330 


6.5.3  Servicinp  -  Statistics  Fathered  by  the  Coast  Guard's  Mational 
Navipation  Plannlnp  Staff  have  shown  that  an  averape  2.^  interim  visits 
per  year  to  2788  buoys  on  the  Atlantic,  Gulf,  and  Pacific  coasts  are 
made  for  the  necessity  of  checkinp  and  replacinp  lanns  in  the  four-nlace 
lampchanper.  Another  0.6  visits  per  year  were  made  to  replace  batteries. 
Ihe  use  of  the  six-place  lanpchanper  now  comlnp  into  use  should  eliminate 
about  caae-third  of  the  interim  checks,  but  the  total  averape  number  of 
visits  per  lighted  aid  will  be  reduced  only  from  3.0  to  2.2.  On  those 
stations  v^ere  an  LS-59  flashtube  beacon  could  be  substituted,  not  only 
will  the  1.8  interim  visits  be  eliminated,  but  battery  replacement 
should  be  only  0.3“0.^  per  aid.  Since  an  annual  inspection  of  each 
buoy  will  still  be  required,  it  should  be  very  rare  that  an  LS-59  equipped 
buoy  be  visited  more  than  once  a  year.  Such  a  reductloi  in  tender  time 
for  lighted  aids  would  result  in  larpe  scale  financial  savings  due  to 
decreed  underway  time. 

6.5.^  Flashtube  replacenents  -  When  a  flashtube  beacon  is  replaced 
on  station  due  to  rated  flashtube  life  limitations,  the  beacon  itself 
is  still  reusable.  Due  to  the  canplexlty  of  the  internal  electrcxilcs, 
and  the  presence  of  potential  Mph  voltages  (800v)  on  the  storage 
c€^acitor8,  flashtube  replacrriCTit  should  rwt  be  accorrplished  in  the 
field.  Instead,  it  will  be  recessary  to  set  up  a  repair  facility 
manned  by  electronics  personnel  with  training  in  the  LS-59 .  Lanp 
replacement  requires  separating  the  flashtube  lamp  from  the  rest  of 
the  beacon  housing  and  discainectlng  three  color  coded  wires  frem 
the  lanp  to  the  posts  an  the  top  bc«rd  of  the  Internal  electronics. 

The  new  lanp  is  connected  and  the  top  resealed.  This  procedure  should 
take  no  more  than  h  man-hour.  It  is  inportant  that  a  good  seal  is 
made  when  the  new  lamp  is  connected.  TMs  was  not  the  case  with  thie 
flashtube  beacon  on  the  Ambrose  Channel  buoy  which  was  struck.  This 
buqy  flooded,  and  the  bad  seal  on  the  housing  permitted  water  to  enter 
the  beacon,  corroding  the  Inside  sufficiently  to  disable  the  beacon. 

Since  the  storage  capacitors  are  the  most  susceptable  electronic 
conponents  to  fall,  it  would  be  a  wise  preventive  maintenance  procedure 
to  replace  them  at  the  sane  time  as  the  lamps  are  changed.  This  pro¬ 
cedure  requires  separating  the  upper  and  lower  halves  of  tlie  housing 
as  well  as  ranoval  of  the  lanp.  'Ihis  should  require  an  additional 
man-hour  of  time  per  beacon. 

Redesign  of  the  beacon  housing  to  permit  easy  access  tc  tJie 
flashtube  ^/or  storage  capacitors  is  definitely  not  r-ecorr mended. 

Not  only  would  this  present  high  volt;igos  outside  tliO  iiouslng,  but  It 
would  probably  Increase  the  chances  ol*  failure  due  to  cempenents  bt  Ing 
open  to  the  atmosphere. 

6.6  Fo£ 

The  Xaion  flash,  through  its  loan,  has  been  reporteo  to  be  a  better 
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U^t  than  an  incandescent  flash  in  reduced  visibility.  'Jlie  extent 
of  the  Increased  range  depends  upon  the  reduced  visibility  conditions, 
and  no  matter  how  sllfsjit,  is  an  improvement.  It  is  not  felt  that 
this  property  is  sufficient,  under  real  world  conditions  which  might 
be  encountered,  to  use  such  a  light  as  a  replaceient  for  sound  signals, 
but  the  fog  penetrating  ability  would  make  it  a  better  visual  ccanpll- 
ment  to  sourKi  signals  than  an  incandescent  flash. 

6.7  Color 

It  has  been  mentioned  above  that  the  I£-b9  should  not  be  color  coded. 

The  singTo  flick  flash  length  is  far  too  short  to  expect  any  degree 
of  correct  color  recognition,  as  well  as  the  fact  that  presently  used 
color  lenses  pixjduce  unacceptable  colors  when  used  v.lth  the  LS-59 
source  -  Transmittance  through  the  red  lens  is  very  low,  and  the 
/  color  resulting  with  green  lenses  does  not  lie  within  any  definitim 

^  of  signal  green.  Potentially,  color  may  becocne  an  acceptable  method 

of  coding  with  the  multi-flick  flash,  but  this  will  probably  require 
new  color  filters  as  well  as  a  lower  color  temperature  flashtube  lamp. 

6.8  IR  Detection 

Flashtubes  emit  a  significant  amount  of  infrared  raciatlon.  Under 
anottier  woric  unit,  the  Coast  Guarjd  is  investigating  the  feasibility 
for  an  "infra-red  hand  gun"  detector  for  use  with  condenser-discharj?p 
beaccxis.  Such  a  detector  uses  an  extremely  sensitive  IR  photodetector, 
and  many  are  on  the  maricet.  If  arw  are  sensitive  enough,  it  should  be 
possible  to  detect  a  flashtube  source  on  a  Navaid  with  an  IR  detector 
before  the  light  is  sighted  visually. 

6.9  Sequgitlal  Operatica^ 

The  Coast  Guard  now  is  having  a  "^annel  lighted  buoy  model"  constructed. 
It  will  be  used  to  investigate  the  visual  advantages  and  potentialities 
(  of  sequential  and  simultaneous  presentatloi  of  signal  lights.  It  will 

assist  in  the  assessmait  of  the  visual  effectiveness  of  various  con¬ 
trolled  presentations,  and  condenser-discharge  as  well  as  Incandescent 
characteristics  will  be  evaluated. 
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7.  CONCLUSIONS  AND  REOOMMEiNnATIONS 


7.1  LS--59  Flashtube  Beacon 

The  LS-59  flashtube  beacon  is  a  liifhlv  reliable  and  efficient  li^it 
source.  It*s  use,  however,  should  be  restricted  because  of  the  nature 
of  the  short  flash  length  and  high  peak  Intensity  which  have  been 
found  to  produce  undesirable  effects  on  tlie  narlner.  The  "flashbulb” 
effect  all  but  prohibits  good  fixatlcai,  is  annoying  wlion  seen  from 
close  aboard,  and  can  have  an  adverse  effect  on  dark  adaptation 
(night  vision)  levels.  It  appears  to  be  an  excellent  source  to  uso 
as  a  warning  ll^it,  and  has  a  longer  "glow"  range  in  fog  than  does  an 
Incandescent  source.  It  is  hlphly  conspicuous  when  viewed  against  a 
corplexly  lifted  background.  It  should  not  be  used  on  a  station 
where  passing  vessels  must  necessarily  pass  close  aboaixl,  as  on  channel 
buoys  in  restricted  waters.  They  should  not  be  used  (on  both  lights, 
unsynchronized)  on  ranges.  They  should  not  be  used  as  mass  replacement 
light  source.  They  shCHlld  not  be  color  coded. 

Cn  the  positive  side,  LS-59 's  shculd  be  used  as  warning  lights  on 
obstnictions,  an  buoy  stations  where  vessels  need  not  pass  close  aboard 
«xi  on  many  ininca’  ll^ts  ashore.  Deployment  of  LS-59  *s  should  be  made 
carefully  and  with  advance  notice  to  local  mariners.  I'flien  first  in- 
tnxhiced  Into  new  areas,  feedback  should  be  solicitated  froni  the  local 
mariners  to  assist  in  determining  the  nunfcer  and  locations  for  their 
use  to  be  most  advantageous  to  the  mariner.  ^ 

7.2  (Multi ^fllck)  Burst  Beaccais 

It  is  strongly  felt  that  the  disadvantages  associated  with  the  LS-59 
can  be  eliminate  or  at  least  minimized  through  the  use  of  a  multi- 
flick  flash.  The  LS-59  is  a  single  flick  flash  source.  A  reliable 
and  efficient  burst  source  is  within  the  state  of  the  art  of  i’lashtubes 
at  present,  but  no  such  beacon  has  been  built  yet.  At  the  present  time 
research  is  being  carried  out  on  burst  sources,  and  more  will  be 
necessary,  befo-e  the  repetition  rate  of  the  flicks,  the  mrrber  of 
flicks  per  burst,  and  the  burst  flash  lengtin  can  be  decided  ipon  which 
will  minimize  the  "flashbulb”  effects  while  still  provided  an  efficient 
source.  It  is  possible  that  tlnis  upcoming  generation  of  condenser 
discharge  sourees  may  be  efficiently  color  coded,  'ihe  burst  beacois 
are  not  expected  to  have  the  liirltatlons  placed  on  their  usage  that 
have  been  found  tiecessary  with  ti.e  ir>-59.  It  will  prol^ablv  be  a 
matter  of  years  until  the  burst  beacons  are  ready  for  fie  lei  use,  r>f 
the  LS-59  should  not  be  withheld  fron.  field  use  poricinp*  their  avai.- 
abillty  of  burst  beacons. 

7.3  Need  to  Continue  Development  of  Condenser-Dischnrye  Sources 
Tine  continued  development  of  condense j'-discharge  source's  for  use  a: 
NAVAID  sources  is  evident.  All  of  the  potential  advantages  can  be 
lumped  into  a  broad  category  -  troy  are  r-nore  efficient  and  moi'e 


reliable  than  incandescent  lairpa.  The  pp'eater  efficiency  extends  the 
servicinp  period  of  batter7  replacenent,  and  tills  coapled  with  the 
better  reliability  provides  an  aid  which  requires  far  less  seivlclnp. 
Any  hi{!her  costs  of  condenser-discharpe  equlpirent  will  irore  than  be 
saved  in  the  ensuing  reouctlon  of  ttie  very  costly  servicing  of  the 
aid. 
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U.S.  COAi?r  GUARD 


Applied  TechnolOf>y  Division 
Office  of  Research  and  DevelqDWent 
Proposed  Purchase  Descriptim 
For 

12-Volt,  Solid-State  Plashtube  Beacons 
For  Maritime  Aids  to  Navipation 


1.  SCX)PE 

1.1  Scope.  This  specification  covers  loi^;  pov«r,  12-volt,  solid-state 
xenon  flashtube  beacons  for  operation  c»i  buoys  and  fixed  stmctures  at 
.10-18  volts  off  aliMiepolarlzed  primary  battery  or  transformei'^rectifier 
DC  power  sui^lies.  It  covers  bot}’i  the  electronic  an(3  the  piiotometric 
requirements  of  the  unit.  It  specifies  required  minlnum  luminous  out¬ 
put  energies  for  each  of  three  input  power  levels.  It  incorporates  the 
concept  that  beacons  vMch  fail  after  the  e^qpiratlon  of  warranty  for 
reasOTJS  other  than  defective  flashtube  laips  will  be  discarded  rather 
ttian  repaired.  In  addition,  tiie  optional  characteristics  »rtiich  imst 

be  avail^le  for  asslp.nnent  to  individual  units  are  stated.  The  flash- 
tube  beacais  luist  be  of  a  reliable  deslf^  and  a  rufved  ccxTstruction  and 
be  corpatlble  with  (i.e.,  capable  of  carjplete  ccaitalnnent  within)  stan¬ 
dard  155irit>,  250nin,  and  300nin  lantern  assemblies.,  Th/y  must  allow  easy 
replacement  of  flashtube  lamps  by  trained  Coast  CuarJ  servicir.p-  per¬ 
sonnel. 

1.2  Classification.  Flashtube  beacons  shall  be  cla^sined  by  ti rdnp 
clviracterlstic  arxl  ir^ut  enerpy  (per  flash)  level. 


1.2.1  TljnlnF  Characteristics.  TinilnF  circuits  shall  provide  only  the 

tinlnf  characteristic  ordered  on  a  particular  unit.  TJie  minirum  time 
required  between  flashes  is  aie  second.  Three  types  of  timlnr  character¬ 
istics  are  required  (see  3.1.13):  (1)  SinFle-flashinp,  (2)  Group- 

flashinp  (3)  Composite  Group-f lashing. 

1.2.2  l^nerpy  Levels.  Plashtube  Beacons  shall  operate  at  aie  of  three 


enerpy  levels  (see  3.16)  designated  "L”  (low),  "M'‘  (medium)  and 
(high) . 


P..  APPLICAHIE  DOCUMENa’S 


2.1  The  following  documents  of  the  issue  in  effect  on  the  date  of  in¬ 
vitation  for  bias  form  a  part  of  this  specification  to  the  extent 
specified  herein. 

SPECIFICATION 

MIUTARY 

MII/-E-l6il00  Electronic  Equipment,  Naval  Ship  and  iJiore 
MIL-P-55110  Printed  Wiring  Boards 

ECV-1  P.D.  I9OB  Purchase  Description  for  Daylipht  Control 
For  Solid-State  Flashers 

STANDARDS 

mLITAKY 

MIL-STD-275  Printed  Wiring  for  Electronic  Equipment 
MlLr‘Si’D-^15^  Standard  General  Rrquireinents  for  Electronic 
Equipment 

KII/-STP-202  Tes^  '^thods  for  Electronic  andjilectrical 
Cortponents  Parts 

^EL-HIBK-217A  Reli^llity;  Stress/^  Failure  Rate.  Data  for 
Electronic  Equipment 

,MIB-S‘i’l)-129  ^5ari^lng  foP  Shipnent  and  Storage 
DRAWING  AND  SUPPLtWEfsTS  (Current  Revision) 


U.  S.  Coast  Guard 


ECV" Amerace  ESNA  155nn  Buoy  Lantern 
ECV  Aiiierace  ESNA  P^Otm  liintern 
ECV  Tiueland  300nm  Lantern 


PUBLICmONS 

BUHiAU  OF  Ships 

WAV  SHIPS  9^501  Bureau  of  Jaiips  Reliability  Oesipn  liandbook 
NOnS;  Copies  of  specif icaticsis,  standards,  drm.inrs,  and  publications 
required  by  contractors  in  crsnnection  with  specific  prccurenent 
functions  should  he  obtained  from  the  procurl  nr  activity  or  as 
directed  by  the  Contractinr  Officer. 


3.  REQUIFiEMENTS 

3.1  Definitions.  Ihe  follovdnp  definitions  shnll  aiply  to  these 
terms  whenever  such  terms  appear  in  this  specification. 

3.1.1  Flashtube  Lamp.  A  paseous  dlscharpe  lamp  which,  when  pulsed 
periodically  by  a  condenser  dischai^,  delivers  very  short,  hlphly- 
intense  bursts  of  luminous  energy,  V/ithin  this  speclficatim  is  meant 
xenon  gas  discharge  lamp. 

3.1.2  Flashtube  Beacon.  Solid  State.  Ar.  electronic  device  with 

no  moving  parts  vArlch  convert  electrical  energy  into  luminous  energy.  It 
includes  the  flashtube  lanp. 

3.1.3  Flashtube  Beacon  Assenbly,  DC-  Powered.  There  is  one  type  of 
DC-pcwered  beacon  assembly  cm;  vlilch  the  flashtube  beacons  covered  by 
this  specification  will  normally  be  used.  It  is  described  as  fcllov/s: 

Single  .Lantern.  Beaccmi  asseiii)ly  consisting  of  a  lantern  will; 
lens  and  one  flashtube  beacon  specified  herein. 

3.1.^  Flick.  To  provide  continuity  betvjeen  this  and  future  f.peci- 
flcatlons,  a  flick  is  hereby  defined  to  be  the  discrete  burst  of  lw:ilnous 
energy  produced  by  a  flashtube  when  it  is  pulsed  by  a  single  (iiscy.rrge 
from  a  discharge  condenser. 

3.1.5  Flash.  A  flash  may  contain  a  single  fllcic  cr  a  train  of  flicks. 

It  is  perceived  by  the  eye  to  nave  rjo  lapse  of  light  within  its 
duration.  In  this  sriecification  it  contains  only  a  single  flick;  hK.'nce, 
each  reference  to  a  flash  within  this  specification  shall  indicate  a 
"single  flick"  flash. 


3.1.6  Dlveiyence.  “Hie  vertical  angular  separation  between  e 
intensity  haljIt)ower  points  of  a  beam  of  lipht  produt  ecs  by  a  s*  urce  pro¬ 
perly  focused  within  an  ami-directiojial  lantern,  a  e  Interisi'  y  half  powc^r 
points  being  the  vertical  positions  at  vMch  peak  Ir  tensity  di  ring  a  flick 
is  half  the  peak-intensity  produced  in  the  focal  plrne  of  the  properly 
fooised  lantern. 

3.1.7  Period,  The  period  is  the  time  between  the  start  of  ae  coded 
sequence  of  flashes  and  the  start  of  the  next  sequerce. 

3.1.8  Lantern  Integrated  Intensity.  The  luminous  Jntenslty  ;n  tte 
focal  plane  of  a  properly  focusec  beacon  assent)  ly  ii  tei  created  <  ver  time 
at  distances  sufficiently  great  so  that  the  inverse^ square  iai  holds; 
it  is  ej^ressed  in  candeia^caics  (cd-secs). 

3.1.9  Mean  integrated  Intensity.  Lantern  Intei^tcd  intercliy  everaf«d 
t^iroufh  3^  degrees  of  hori^tai  arc,  peak  exceeding  tlie  irdninum 
by  no  more  than  20%, 

3.1.10  Mean  Flicka  to  P&ilure  -  l¥l?.  The  expecter  lifetime  of  a 
flashtube  in  flldts  before  failure,  l.e»,  before  Interrated  it  tensity 
drops  below  55%  of  its  orlgir»l  value. 

3.1.11  Lais-Lamp  Ratio.  Lanterrs  inteprated  intens.'Uy  in  tiie  focal 
plane  of  a  properly  focused  flasbtubc  beacon  oss«nb.;v  dlvltJ-id  by  bttre 
lanp  integrated  intercity  in  the  same  direction  reL'tive  tc*  tie  lanp 
but  without  lantern  cptlc. 

3.1.12  Short  Circuit.  A  low  resistance  path  that  1  =kv  be  caued 

by  a  strand  of  wire  cr  a  metallic  tor  i  nomentar'lly  <  ot  acting  terminals 
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01*  case. 


3»1.13  Accessary  Funetlcm.  There  are  two  accessory  functlors  in  the 
solid-state  flashtube  beacon  covered  by  this  specificatioi.  Ihey 
are  defined  as  follows: 

a.  Illumination  Control.  A  circuit  vMch,  vd>en  the  proper  photo- 
conductive  cell  (dayli^t  coitrol)  is  connected  to  it,  prevenis 

the  flashtube  from  flashinj?  if  the  aiibient  illumination  exceecs  a  certain 
value,  or,  if  the  illumination  falls  belcw  a  certain  other  le\el,  pennlts 
normal  flashing  operation  (see  3.20). 

b.  Internal  Voltage  Regulator.  A  circuit  on  ttie  Irput  side  of 
the  charging  csqpacltor  vdU.ch  regulates  the  charge  of  ttie  capacitor 

over  the  specified  range  of  cp^circuit  ir^ut  volt8.?»s  arid  scurce  iirped- 
andes  (see  3.12  and  3.13).  T^s  feat^  is  recessary  for  the  stabilization 
of  flashtube  life  and  luminous  ^ttan^. 

3.1.1^  ^If^Protection  Features.  There  are  ^  se3f-prpteoticn  features 
in  the  fla^tube  beacons  covered  by  this  ^cificatloh:- 

a.  Reverse  -  Polarity.  Protection.  Pn  electrical  circuit  that 
insures  that  the  flashtube  beac(»:  will  not  be  Impaired  in  any  w£^  if 
the  irpit  terminals  are  connected  across  a  direct  current  soui'ce  in  re¬ 
verse  polarity,  provided  that  the  source  voltage  ^'S  not  exceed  ti:io 
maxiinun  allcwable  Ir^ut  voltages  specified  for  the  leacon. 

b.  Short-Circuit  Protection.  An  electrical  circuit  that  insures 
the  future  functioning  of  tire  flashtube  beacon  to  rx  t  be  ham  d  if 
either  of  the  illumination  control,  ”5'',  terminals  Is  connected  to 
tire  case,  the  positive  or  negative  power  leads  or  tf  each  oth«  r. 


3.1.15  Accelerated  Lamp  LlfelTestlng  Device.  A-device-  v/hicli  triggers 
a  lamp  at  a  rate  greater  than  or  equal  to  ten  flashes  per  second  at 
the  energy  level  required  to  produce  one  of  the  mean  dritegrated  inten¬ 
sities  sp<^cifled  herein  ,(3.16.2)  fand'vMch  satisfies  the  power  regulation 
requirements'  specified  herein  >(3.  i3) . 

3.1.16'  Encapsulation..  The  Sfiplication  of  a  protective  coating  to  a 
surface  hy  dipping,  brushing,  or  a  similar  method,. 

3.1.17  'Erhedding.  The  use  of  a  fluid  plastic  ^poured  over  items  vrfiere 
all  voids,  between  the  items  are  filled.  The  volume  _v*nd  shape  of  the 
embedment  are  defined  by  a  removable  ^mold  that  is  sepai’ated  fr*an.  the 
solidified  citing. 

3.1.18  Potting.  An 'Redding  process  where  the -mold  remains  an 
IntegralVpart  of  the  casting. 

3.1.19  Impedance-rFree  Source.  An  electric' pcwer  supply  with- an 

output  voltage  variation  of  0.5%  or  ie.ss  ar;d  a  recovery  time  of  5P  micro¬ 
seconds  or  less,  A  Kepco  Ttodel  SM  regulated  power  supply  is  an  example. 
3.1;20  Timing  Characteristics .  The  sequence -with  respect  to.  the 
temporal  spacing  of  the  flashes.  There  are  three  oypes: 

Single  Flashing  -  One  flash  repeated  at  intervals  of  from 
one  to  six  seconds,  e.g.,  QKPlCFT),  P12.5(FT')  (see  e,1.21  for 
desi^tloh  meanings) . 

b,  Group  Flashing  -  Prom  two  to  eight  flashes  pjr  groiip,  with 
one  second  between  flashes  in  -a  group  end  from  three  to  twelve  sec¬ 
onds  betv;een  groups,  e.g, ,  GP2“5.0(Pr),  IQKPllO.O(FT') . 


c.  Composite  Gr-oup  -  ,One  flash  iii  the  first  group  with  tv/o  seconds 
^between  the  first  ^  second  groups;  fran  two  to  four  flashes  in  the 
second  group  with  one  second  bkiti^eeh  flashes  vd. thin  the’ gf-pup;  and  tv/o. 
to  seven  seconds  between  the  3.ast  flash  in  the  second  group  and  the 
first  flash,  of  the  .rdxt  ^'priod  e.g.,  GPl/3-8.0(Pr) . 

3*1. .21  Desih^ation♦  Fl<is.itube  beacons  ^  designated  according  to' 
timing  Ghiaracterlstic  and  energy  level,  'ilie  letters  indicate  the  basic 
tirrdng  character;  e.g. ,  PI,  QkPl,  lOkl*’’!,.  and  GP.  Tl-ie  sinple  flasl'i  char-r 
acter  QkPl  indicates- >one  -flash  per  .second- and  the  siq^’le  flash  character 
FI  is  folldwed'  by  a  number  indlcav. .  'the  interflash/interval  in  seconds, 
llie  group  flash  ch^cter  IQkFl  indicates  six  flicks  v/lth  one  second 
interflick  intervals,  and  is  followd  by  a  number  eoual  to ‘the  tota.l 
period  in  seconds.  The  group  flash  character  GP  is  follov/ed  by  a  nunber 
equal  to  the  number  of  flicks-  with  one  second  ihterfiick  intervals ,  a 
dash,  arid  a  number  equal  to  the'  total , period  in  seconds.  Tte  coiriposite 
group  GP‘  character  is  followed  by  the  nunber  of  flicks  with  one  second 
interflick  intervals  -in  the  "first  gi’oup,  a  slash,  the  nuntoer  of '  nicks 
with  one  second  Interfllck  intervals  in  the  second  -group,  a  dash,  a/id  a 
number  equal  to  the  total  period  in  seconds.  An  >('Fi  )  following  indicates 
a  single  flick  flashtube  beacon,  and  an  L,  M,  or  li  at  thd  end  indicates 
the  ene^.  level. 

.3.2  -Qualification.  The  fl^htube  beacon  furnished  under  this  :speciT; 
fication  shall  be  a  product  that  has  been  tested,  and  has  satisfied  the 
physical  and  performance  requirements  .specified  herein  ('sec  d}.2')  and 
,  that  the.^  Contracting  Officer.  CocJiiandnnt  (FC~1),  U.C;.  Coast,  Guard ,  . .  _ . 

has  /approved. 
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3.3  , Design  Ob.lectlves ;  The  desipn  should,  enphasise  the  utmost  in 
siiiplicity  and  the  maxinuni  in  reliability,  consistent  v-dth  the  state-of- 
the-art  and  the  limitations  specified  x^ereffi  on  VKipht  and  sire,,  i^l.^h- 
tube  la^s  shall  be  easily  replaceable  by  tnained  .Coast  Guard  persdrirel. 
Since' the  flashtube  beacon  vd.ll  be  used  as  a  non-repairable  conpcneht 
of  a  flashtube  beacon  asserrfbly  (3*1.3) >  its  desipri  should  enphaslze  long, 
trouble-free  life,  and  should  make  no  concessions  to  irMntsihabllity . 
Solid-state  conpohents  shall  be  used  to  provide  static  means  for  accc^ 
plishl'ng  the  flashing  function  and  all  accessory,  functions ;  in  other 
v/ordSj  there  shall  be  no  hovihg  or  adjustable  p^ts. 

3*^  Standardization  of  Design  and  Certification.  'PlbJhtub'e  -beacons 
that  are  furnished  under  this  specification  must  hot  differ  in  any  v/ay 
iVom  those  that,  have  been  tested  for  confoAiance  to  tliis  sp.ectflcation 
except  for  changes  that  have  been  described  ih^  detail  to  and  approved 
-by  the  Contracting  Officer,  ihe  .rranufacturer  must  submit  a  certification, 
to  this,  effect  covering  each,  lot  of  flashtube  beacons  furnished  under 
this  specification. 

In  the  .event  the  m^ufacturer  vdshes  to  introduce  any  changes ,  to 
correct  desl^  deficiencies  or  selection  of  marginal  parts,  etc.,  the 
Contracting  li.fficer  may  requir\;  repetition  of  any  or  all  of  .ttie  .porfdrrr 
irance  tests  specified  herein  before  the  proposed  changes  are  approved. 

3.b-  Design; and  Gonstioction  Guides.  Maximum  use  shall  be  made  of 
NAVSillPS  9^501,.  .f^IrE-ie^OO,  MID^P-i551ld  and  MILrSi'’  -17b  as  design  .and 
construction  guides .  In  cases  of  contradiction  an:ong  them,  consult  the 
Cohtr'actiiTg  Officer  fj^  approved  pplde.  .  ..  ..  .  _ _ _ _ - . -  ^ 
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3.6  Failure  Rate,  llie  In-sernrice  failure  rate  of  all  flashtube 
beacons  excluding  flashtube  failures  shall  not  exceed  '■}>%  per  year. 
Flashtube  fsdlure  rates  shall  not  exceed  those  specified  (see  3.17.1 
and  5.2).  A  flashtube  beacon  failure  shall  be  flashtube  beacon 
which  does  not  perform  as  required  by  this  specification  because  of 
random  failures  of  components  other  tlian  .fl^htube  lanps,  or  because, 
of  defects  in  workmanship,  materials  or  desi/^,.  excoptlnp  failures 
due  to  clear  misuse  'of  the  flashtube  beacon  by  the  rovemirent.  See  5« 
for  "warranty  ^provisions . " 

3i'6.1  Inspection., of  Failed  Flashtube' 'Beacons .  Each  flashtl^e^  beacon 
that  .fails -during  the  .'guarantee  period  (see  5.1)  will  be  returned 
praiiptly  (within  6d-  days)  to  the  .m^iufacturer,  who-  shall  inspect 
it  to.  the  degree  necessary  to  determine  the  cause  of  failure.  Peri¬ 
odically,  as  arranged  with-  the  Contfacting  Officer,  the  hianufacturcr 
will  submit  a  iconplete  Hst-  <of  the  flashtube  beacons  that  failed 
(tolnp  the  period j,  citing  them  by  serial  nvjihers,  char’acteristic, 
original  delivery  date, /date  of  return,,  ^id  a-  brief  descriptif^  of  the 
cause  :of  failure  for  each., 

3.. 6. 2  failures  due  to, faulty  Flashtubes .  In  the  event  that 'a  defective 
flashtube  la^  is  determined- by  the  iranufacturer's  inspection  of 
paragraph  3'. 6.1  to  have  caused  failure  .^ter  the  exriration  of  the 
w^r^y  oh  the  flashtube  lamp,^  the  iranufacturer  shr  ll  replace  the 
defective  item  and  maj'-  charge  the  Coast  Guaid  -a,  fixed,  price  establiijhea 
for  the  rapair  by  the  procureirent  contract  ’(see  5.?)-. 
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3.7  l^ivlroranent.  Unless  otherv/ise  specified  herein  each  flashtube 
beacon  shall  operate  as  specified' in  the  folla/inp  environment  conditions: 

3.7.1  /fcfaient  Teiiperature.  I'Van -10°P  th'rouph 

3.7.2  Humidity .  Prom  0^  throuph  100^,,  relative  hunldity. 

3.7.3  Salt  Air  and  Salt  VJater.  Each  flashtube  beacon  shall  be  con¬ 
structed  of  materials  so  as  to  be  resistant  to  corrosion,  from  con¬ 
tinuous  exposure  to  salt  air  and-  occasional  inriersion  in  salt  water,  .and 
shall  not  be  harmed  by  -such  iimiersion. 

3.7-.*t  Shock  and  Vibration.  Each  flashtube  beacon  snaH  be  ruggedly 
constructed  to  withstand' the  shock  and  vibrations  incident  to  service 
on  buoys,  arid  shall  be  capable  of  passing  the  vibration  and  '^hock  test 
specified  in  ^h^l.8.^and  4.^1  .-9. 

3.8  Physical  Requirenents 

3.8il  -VJeight .  Each  flashtube- beacon  shall  hot  excr.eci  6  pounds  in"  v/eight . 

3.8.2  Size .  The  flashtube  beacon  shall  fit  with  ease,  with  flashtube 
-focused  in  Amerace-ESHA-  i55nim  and-  250rmi  lanterns  ant:  l,he,  Tideiahd  SUOrm 
lantern;  The  .clearance  required  to  swing  the  upper*  portion  of  the  250nj!: 
lantern  closed  with  the  beacon. mounted  in  it  is  an  ad^iltional  lindtation 
on  the  si^  of  the. -beacon. 

3.8.3  Mounting  Bars.-  Each  flashtube  beacon- shall  be  provided  with  a 

set  of  removable  rrouritirig  bars  that  fit  the  mounting  studs  in  the  l55rrTn, 
250nm  arid  300iiin  lanterns  and  that,  when  attached  to  the  irOuntlng  holes  on 
the  flashtube  beacon  ^  place  the  center  of  the  flashtube  at  -the’  focu.*.  of 
the  appropriate  lantern,  lens .  These  mowting  bars  r:h{ill  conform  to 
iorawirit^  ; _ .  .  -snd-  _ -  - 


3.8.^  Terminals  and  Terminal .  Insulators «  The  "+"  ,anci  "-"  -power 
tennlnals  shall  be  sepai’ated  vdth  9/16"  to  5/8"  between  centers.  Itie 
llluhdnatlon  control,,  "S",-  terminals  shall  be'  located  conveniently  (3/^1” 
apart)  dii)  the  same  horizontal  ,plane  as  within  a  ninety  defree  hori¬ 
zontal  arc  of  the  pdy/er  terminals;  each  shall  be  horizontal  so  as  to 
allow  a  standard  65  anp'le  between  the  direction  'of  the  dayliplit  control 
asSeriblies .  All  terminals  shall  be  external  8-32  stainless:  steel  screv/ 
term.-'-^ls  enclosed  in  colored-  slotted:  insulators  sized  to  accept  two 
11/32"  wide  spade  lugs  for- a, No.  8  stud.  Terminals  shall  be  either 
separate-  or  part  , of  a  terminal  -strip  and  molded  of  colored  dielectric- 
materials  in  accordance  with  the  color  code  given  in  paragraph  3.8.5. 
With  one  of  the  above,  lugs  in  .place,  the  tcp  of  the  terminal  screws 
shall  not  project  above  the  top  of  the  insulators'.  Terminal  s, crews 
should  be  long  enough  not  to  fall  when  inserting  two  of  the  above 
lugs. 

3.8.5  Terminal  Markings.  Terminals  shall  be  marked  in,  a  pehnanerit 
fashion  by  the  Toilowirig  symbols  and  colors-  to  be  lerible  for  the'  life 
of  the.  flashtube  beacon: 


Symbol 

Meaning 

Color 

input  terminal  for  the  negative 

Vfliite 

battery  lead 

IS^II 

input  terminal  for  positive 

Black 

battery  lead 

IliT*!! 

tv;o  terminals  across  which  the 

Yellov; 

daylight  control  is  connected 

ii-i'i 


llie  "Plashtube  Larrp  Warranty"  shall  bo  the  appropriate  "catastrophic" 
failure  v/arranty 'as  stated  in  5 >2. 2, 

3.8.8  Serial  Number.  A  serial  nuirber,  not  to  exceed  seven  digits, 
shall  be  stanped  into  the  flashtube  beacon  case. 

,3i9  FI*: c htube  beacor.  Case .  Ihe  flashtube  beacon  case  housing  all 
the  circuitry  and  corrponents  excepting  the  flashtube  shall  be  rugged, 
corrosion  resistant  and  v;aterti^t .,  'Hie  case  shall  be  sealed  in  such 
a  manner  as  to  discourage  opening  by  field  personnel  for  any  purposes, 
although  be  such  as  to  allow  flashtube  lamp  replaLiironi;  by  trained 
personnel.  A  v;atertight  (see  ll.JhiO,  ^.^l,ll>  12).  seal  between 

the  beacon  c^e  and  the  flashtube  shail.'be  proviaed  to  protect  the 
^electrical  connections  between  the  flashtube  and  the  beacon  case  for -the 
life' 'Of  the  flashtube  beacon;  the  seal  shall  be  easy  to  replace  by 
trained  Coast  Guard  personnel  when  they  change  flashtube-  laifps . 

3.9.1  Accessibility.  Tne  circuitry  shall  be  accessible  without 
damaging  the  circuitry,  so  that,  in -.case  of  failure  th.e  cause  can  be  deterr 
mined  ('see  3.6.ij  3.10.2), 

3.9.2  Electrical  Isolation.  The  flashtube  beacon  case  shall  be 
Insulated,  so  that  when  it  is  secured  to  a  nvtallic  iiounting  biir  using 
metallic  screv/s  inserted' into  the  mounting  holes,  ti  c  oar  and:  the  screy/s 
are  electrically  isolated  from  each  flashtube  beacor  terminal. 

3.1G  Materials .-  Materials  and  components  shall  be  of  the  nigiiest 
reliability  and  stability  of  characteristics  to  insure  the  nighest 
reliability  and  long  life  of  the  flashtube  beacon. 


3.11  Workmanship.  Workm^hip  shall  conform  to  Reauirement  9> 

Workmanship  of  MIL-STD-^IS^ . 

3*12  Input  Power.  Ihe  flashtubo  beacon  shall  operate  from  air- 
depolarized  primary  batteries  and  trahsformer-rectil'ier  12-volt  pov;er 
supplies  which  have  a  ripple  of  3%  or  less.  It  shall  operate  as  re¬ 
quired  fixim  primary  battery  power  units,  for  flashtube  beacon  open 
circuit  input  voltages  ranging  ffom  10-18  volts  DC  (see  A.^r).  In  no 
case  shall  the  average  load  current  during  one  charging  period  of  the 
condenser  exceed  .7,  .25  and  .12  ampere  for  high,  medium  and  low  energy 
flashtube  beacons,,  respectively,  when  the.,  timing  characteristj.es 
fall  within  the  categories  defined  in  3.1.13.  ('Ihe  average  in  this 
case  is  determined  over  the  charge  period,,  not  the  period-  between 
flashes.)  The  average  curtent  drain  over  any  0.2  second  intei’val  shall 
not  exceed:  0.5,  1,2  amperes,  respectively.  The  air-depolarl.z_ed  battery 
pov/er  unit  v/ith  the  widest  ranges  of  voltage  and  internal  iitpodances 
has  an  internal  in^jedance  Of  ,.2  olims  above  17  volts  and  2.5  olims  below 
15  volts;  between  17  and  25  volts  (open  circuit),  its  internal 
impedance  increases  in  a  uniforin  manner  as  the  voltage  drops. 

3.1j‘  Power  Regulation.  An  internal  voltage  regulator  (3.1.13)  shall 
regulate  the  charge  on  the  discharge  condensers  so  tliat  the  enerj^y  per 
flash  delivered  to  the  flashtube  is  wlthj.n  yo^  of  the  value  r’equii*ed  to 
produce  the  candle-second  output  ordered  when  the  flashtube  is  new 
(i.e.,  before  significant  bulb  blackening).  This  tolerance  shall  liold 
over  all  source  impedance  (see  3.12),  temperature  (see  3.7.1)  and.  humidity 
(see  3.7 .2)  combinations  requiicxi  by  this  specification  for  all 
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open-circuit  supply  voltages  exceedinp  those  indicated  below: 

Enerpy  Level  Open-Circuit  (Volts) 

Hiph  liJ.O 

Medium  12.8 

12.^1 

3.1i|  Timinp;  Tolerances.-  Periods  and  required  intervals  between 
single  flashes  within  a  period  shall  be  accurape  to  within  for  all 
the  coiriblnaitions  of  open-circuit  voltage,  internal  source  impedance j 
terrperature  and  relative  humidity  required  by  this  specification.  VJhen 
the  input  voltage  to  the  flashtube  beacon  is  12  volts  DC  from  a  source 
with  .3  ohms  internal  impedance  (o.gi,  inqredance-free  source  (3.1.13) 
v/ith  .3  ohms  series  resistor)  in  a  70°+5^  room  of  any  normal  ambient 
humidity,  period  and  required  intervals  between  single  flashes  in  the 
period  shall  be  accurate  to  within  +3^  or  +.5  seconds,  vMchever  is 
smaller. 

3 . 15  Timing,  Characteristics .  Each  flashtube  beacon  shall  provide  one 
of  the  tihiing  cliaracteristics  include  within  the  definitions  of  3.1.21. 
The  following  timing  characteidstJcs,  as  indicated  by  the  classification 
markings  (3.8.6),.  are  standard  at  each  of  the  input  power  levels: 

A.  Single-flashing 
QKI-’l  (}TT) 

P12,5  (FT)- 

B.  Group  Flashing 
GP2r5.0  (FT) 

IQkPllO.O  (FI’) 

B-1>J 


C.  Coiiplex  Plashing; 

GPI/3-8.0  (ft) 

3.16  Energy  Levels.  Each  12-volt  fiashtube  beacon  shall  operate  on 
one  of  the  follov/inp  three  energy  levels  per  flash: 

HIGH  (H) 

MEDIUM  (M) 

LOW  (L) 

3.16.1  Electrical  Input  Energy.  The  following*  en^rfdcs  per  flick 
supplied  by  the  power  unit  or  pov;er  supply  to  the  fiashtube  beacon  shall 
not  be  exceeded  for  the  enerp^^  levels  infUcated: 

ttociniuiTi  Input  Enerp:/ 

7.2  watt-seconds 
2.7  watt-seconds 

1.3  v;att-seconds 

3.16.2  Luminous  Output  Energy.  'Vhe  following  mean  integrated  in¬ 
tensities  (-3.1.9)  and  divergences  (3.1.6)  produced  by  12rVoIt  :flash- 
tube  beacons  in  clear  155inn  lanterns  shall  be  exceeded  in  all  horizontal 
directions  for  the  energy  levels  indicated  v;hen  the  beacons  are  now 

and  operated  above  the  open-circuit  supply  voltages  indicated  in  3*1^ 
(for  2.8  ohms  source  internal  impedance)  or  operated  at  12.2  volts  open- 
circuit  volt£^  fTOTi  an  impedance  free  source  with  .3  ohms  series  re¬ 
sistance  or  operated  at  12  volts  fi^i  an  impedance  free  source: 
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Pov;er  Level  Mean  Inteprated  Intensity  Minimum  jDlverpence 

H  60  candela-seconds  5 

. M  20  candela-seconds  5 

L  8  candela-seconds  5 

3*^  Flashtube  Lamps.  Wide  diameter  (i.e.,  lov;  peaJc  current)  straiplit 
vortical-arc  xenon  flashtube  lamps  v/ith  greater  than  Bnm  ai'C  lengths 
'coupled  with  state-of-the-art  solid  state  control  circuitry  are  capable 
of  meeting  all  the  requirements  of  3*16*  Helical  flashtube  lamps  with 
greater  conversion  efficiencies  and  lesser  lehs-to-lamp  ratios  ma»v  give 
comparable  peak  luminous  energies  and  preater  beam  divergence.. 

3. 17.1  Flashtube  Lamp,, Life.  For  the  purpose  of  this  specification, 
a  flashtube  lamp  failure  occurs  When  the  mean  integr‘ated  intensity 
(candela-seconds)  from  a  155tin  flashtube  beacon  assembly  has  dropped 
belav  55%  of  the  appropriate  value  listed  in  3.16.2;  'Ihe  mean  flashes 
(or  flicks)  tc  failure  (I«WF)  listed  in  the  following  tables  are  the 
minimums>  acceptable  for  flashtube  lamps  at  the  indicated  enerpy  levels  - 
the  "months"  listed  are  the  corresponding  laiip  noriiinal  mlniiraom  life- 
tbnes  of  (FT)-  units  operated  v;ith-'dayliglit  controls  (lA  hours  per 
day  operation): 


Enerpy  Level 

r#TF  (mi lions) 

I'onths 

H 

20 

12 

M 

MO 

26 

L 

100 

66 

It  is  the  intent  of  tnis  speciflcoti  r  to  maxirJe.e  f>.a  -itube  lairp  life 


in  an  attempt  to  minimize  the  costly  lop-istics  involveu  in  lanp  replace¬ 
ment. 

3.18  Reverse-Polanity  Protection.  liach  fiashtube  beacon  sliall  have 
reverse-polai'ity  protection  so  that  connecting"  the  positive  and  negative 
leads  from  ^  l8-volt  DC  source  respectively  to  the  nerative  and  positive 
terminals  of  the  fiashtube  beacon  does  no  harm  to  th.e  later  functioning 
of  the  beacon  v;hen  the  leads  are  properly  connected,  ‘ihis  I’everse- 
polarity  protection  shall  function-  at  the  same  time  as  the  short-circuit 
protection  (see  3.19) i 

3.19  Short-Circuit  Protection.  .Each  fiashtube  beacon  shall  liaye 
built-in  electronic  short-circuit  (see  3*1»12)  protection  so  that  conr 
necting  either  of  the  "S"  terminals  to  the  "+”  or  terminal  does  no 
harm  to  the  beacon;  the  beacon  shall  resume  functioning  as-  soon  as  the 
shprt  circuit  is  removed  v;itlrout  I’esetting  any  device .  Tliis  short-circu3.b 
protection  shall  A'nction.'  at  ;the  same  tinie  as  the  reverse-polarity  pro¬ 
tection. 

3.20  Illumination  Control.  The  fiashtube  beacon  shall  contain 
illumiratiori-contrdl  circuitry  corinected  internally  to  the  two  "S"  ter¬ 
minals.  A  photoconductive  cell  (daylight  control)  v;3.11  normally  be 
connected  across  the  two  "S"  terminals.  The  illumination-control 
circuitry'  shall  function  to  turn  on  the  fiashtube  beacon  before  the 
resistance  across  the  "S"  terminal  exceeds  40,000  ohms  and  to  turn  off 
the >beacon  before  this  resistance  falls  below  15,000  ohms.  The  value 
of  the  resistance  across  the  "S"  terminals  at  wiiich  th-:  beacon  turns 
on  shall  exceed  the  value-  at  .v/hicn  it  turns  off  by  at  least  5*900  ohms. 


If  the  daylight  control  is  removed  from  the  "S"'  tertiinals,  all  other 
circuits  shall  function  -as  specified.  The  illumination-control  cirr- 
cuitry  .shall  not  bi^  the  daylight  control  vjith  more  tVian  6  volts  DC. 

The  daylight  control,  which  shall  mount  directly  on  the  flashtube 
beacon  for  use  in  the  Interior  of  the  lanter,  will  'be  Fovemment 
furnished . 

3.20.1  Daylight  Controls.  VJhen  used  v;ith  the  circuit  specified  in 
3.20j  -a  daylight  control  satisfying  the  requii’ements  of  a  "IVp® 
daylight  control  in  Purchase  Description  No.  19OB  shall  cause  the^ 
beacon  to  turn  off  before  the  ambient  lllaminatlon’  causes  the  resistance 
of  the  iphotoconductor  to  fall  beiovr  1|3,000  ohms.  The  I'lashtube  beacon 
shall  also  be  turned  on  before  the  ambient  illumination  causes  the 
resistance  of  the  photoconductive  cell  to  exceed  ^10,000  olms. 

3.20.2  Prevention^  of  Spurious  Activation.  Flashtube  beacon  illumi¬ 
nation  control  circuitry,  shall  not  be  spiiriously  activated-  nor  shall  the 
beacon  operate  on  a  changed  characteristic  when  light  from  the  flasntube 
falls  on  Type  C  daylight  controls  while  the  ambient  illumination  is  less 
than  the  level  at  v;hich  the  beacon  is'  turned  on.  This  type  of  spui’ious 
activation- shall  be  prevented  by  'electronic  means". and  shall  not  depend 
updh  physical  shading  of  the  flashtube  lamp. 

3.20.3  Effect  of  /\rnblent-  Illumination.  The  illuminatLoh-contrdl 
circuitry  in  conjunction  with  '!ype  C  daylight  controls  shall  not  cause 
the  flashtube  beacon  to  operate  on  a  changed  or  partla I  ohar’acterlstic 

at  any.  level  of  ambient.  Illumination  below  Its  "tirrn-off"  level.  Spurious- 


activation  In  the  form  of  reduced>  intensity-  or  skipped  flicks,  belov;  the 
"turn-off"  level  might  be  prevented' by  a  positive  on/off  electronic 
switching;  arrangement  between  the  Illumination  control  circuit',  and  the 
condenser  charging  circuit. 

3'. 20.^1  Daytime  Current.  The  total  current  dravm  by  tiie  flashtube 
beacon  under  "daytime  operation"'  when  the  illumination-control  circuitry 
is  activated  over  the  range  of  input  voltages  specified  within  this 
specificatloh  shall  hot  exceed  6  Mlliamperes  at  70*^  ?nor  25 
iinilllamperes'.-at  1^0*^P-. 


QUADm  ASSURANeii  PROVISIONS 

Responsibility  foi*  Inspection,  'ilie  supplier  is  responsible  for 
the  performance  of  all  production,  quality-control  Inspection  reqUlrer- 
ments'  as  specified  herein.  Except-  as  othenvise  specified,  the  supplier 
may  utilize  his  own  or  any  other  inspection  facilities  and.  sswices 
acceptable  to  the  poyemment.  Inspection  re'cords  of  tne  exariiinatiohs 
and  tests  shall  be  kept  conplete  and  available  to  the  frovernment  as 
specified  in  the  contract.  lt>e  povernment  reserves  the  right  to  per¬ 
form  any  of  the  inspections-  set  .forth,  in  the  specification  where  such 
inspections  are  deemed  necessary,  to  assure  that  supplies  and rservices 
conform  to  prescribed  requirements . 

i}.2  Performance. Tests .  Tests' shall  be  conducted' at  tiie  manufacturer's 
plant  ahd/or  a  laboratory-  arranged  by  the  manufacturer  .whicli  is 
satisfactory  to  -the  Contracting  Officer..  .  .Ihe  tests  sh-'vil  consist  of 
alT  of  those,  specified 'Under  ^1. 3,  ^.^1,  ^.5  and  except  vjhen  ^1.6 
is  waived  by  the  Contracting  Officer  in-  favor  of  manuf  icturer's-  flash- 
tube  lahp  lifetime  data  (lll;6.2)-. 

Test  Sequence.  The  routine  tests  dutlxhed  iii  paragraph  ^1.3 
may  be  conducted  at  the  manufacturer's  plant  by  a  reprt-;sentative  of 
the  Contracting  Officer.  Samples  v;ill  not  be  approved  'for- laboratory 
and -accelerated  life  testing  until  they  have  passed  all  routine  tests. 
^.1.2.2  Sample Samples  submitted  for  testing  shall  be  representative 
of  the  manufacturer's  normal  or- proposed  normal  production.  Samples 
shall  consist  of  the  following  characteristics  and  oua, ititi.es : 


.GP2-5(RP)L.  (2) 

IQkFllO.OXFDH..  .  .  (1) 

FL2.5(Fl’)M . (2) 

QjKFl(FT)H.  ....  (1) 

GP1/3-8.0('PD1i.  .  .  (1) 

GPl/3-8.0CPr)L.  .  .  (1) 

^1.2.3  Acceptance  Level.  All  specirrehts  in  the  sample  must  pass  the 
tests  in  i|.3,  ^-5  and  M.6  to  the  satisfaction  of  the  Contractinp 

Officer; 

^.3  Routine  Tests.  Sanples  from  production,  or  prototypes  repre¬ 
sentative  of  production,  selected  as  specified  by  the  Contract  .inf" Officer 
in  his  contract,  shall  be  subjected'  to  tlio  following  routine  tests  at 
the  time  of  manufacture. 

^I.3«l  Initial  Visual  Irispection.  liach  flar.htube  beacon  shal  be 
visually  inspected  to  see- that  it  meets  the  fpllowinF"  requir-erents.: 

A.  Terminal  labels  and  markinfrs  are  properly  placed  and  .opible 
(3.8.5) , 

B.  Termihais  are  located  in''  the  proper  locatior  and  order 
(3.8.1}). 

G..  Classification  markinp  on  flashtube  is  correct  as  specified, 
permanent  and  properly  placed  (3.8.6). 

D.  Each  sample  has  approved  nanoplates  iperfranei.tl  '  affixed  with 
all  of  the  required  information  cn  them  (3i'8.7).  'Ite  '.erial  number 
does  not  exceed  seven  digits  and  is  staiipsd  into  tlie  case  (3,n-.8)., 
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E.  V/orkinariship  of  exterior  of  beacon  meets  the  ^standard  required 
(3.9,  3.11). 

F.  ihe  vertical  dimension  of  the  source  exceeds  8  millimeters 
(3.17), 

^J.3.2  FfechanicaljConformat'ion  to  Specifications  and  Drawinps. 

Measure  and'  check  the  following  features  i'or  confonration  to  t.he  speci¬ 
fication: 

A.  Weight  (3.8.1), 

B.  Dimensions '(3.8.2) . 

C.  Nunfcer,  location,,  depth  of  screw  entrance  into  mounting 
holes  (3.8.3). 

Di  Number,  thread-type,  location  and  length  of  terminal  screws 
(3.8.1}). 

E.  Size  of  slotted  temlnal  insulators  and  compatibility  v/lth 
two,  11/3?"  spade  lugs  (3.8.4)  of  sufficient  helglit  to  insulate  termi¬ 
nals  v;ith  one  lug  in  place.. 

4.3.3  Reverse  Polarity  and  Short-Circuit  Protection.  Check  each 
flashtube  beacon  to  insure  that  it  meets  the  requirements  of  3.38  and 
3.19  by  performing  the  follovdvig: 

A.  With  18-volts  reversed  input  polarity,  make  the  follovlng 
connections,  one  at  a  time,  and.  hold  for  a  complete  period  on  each 
beacon; 

f' 

(1)  "S"j  "S",  "+",  &  to  a-metallic  part  o'  the  cese 
(if  external). 


(2)  "S"  &  "S"  to 

(3)  "S"  &  "3"  to 
(1|)  "S"  to  "3". 

B.  With  normal  l8- volts  Input  polarity,  repeat  the  above  (4. 3. 3. A). 
4.3.4  Electrical  and  -^Luminous  Enerpy  per-  Flash .  Usinp-  a  pbvemireht- 
approved  photosensitive  detector  that  has  a  relative  lun’iinpus  efficiency 
curve  closely  approxinating  that  of  the  International  Gonmissi on  on 
Illumination  (C.I.E.)  for  a  “St^dard.  Observer"  and  a  fast  oscilloscope 
or  a  government-approved  Integi'atihg  device,  chccl<  the  mean  integrated 
intensity  (candela-seconds)  of  each  sample  flashtube  b<^acon  in  a  155-mm 
lantern  for  conformance  to  the  i^uirements  of  3. 16.2  v;hile  oierating 
the  beacon  withi  an  open-circuit  input  voltage  of  12.2'  volts  DC  from 
an  impedance-free  soiirce  with  .3  ohms  series  Impedance.  Concurrently 
measure  the  povrer  drain  of  the  beacon,  checking  confcrtrance  to  3.16.1 
and  the  maximum  average  current  requirements  of  3.12. 

4,. 3, 5  Illumination  Control.  With  the  flashtube  beacon  connected  to 
a  nominal  12- volt  DC  power  supply  and  v;ith  a  'L)/pe  C  daylight  c:ontrol 
connected  between  the  two  "S"  terminals,  check  to  see  If  the  jllumi- 
nation  control  circuitry  will  tur‘n  the  beacon  on  and  off  as  rc.'quired.. 
■Also,  insure  that  each  flashtube  will  not  spuriously  activate  the  illu- 
minatlon-fontrol  circuitry  or  cause  the  light  to  flash  on  u'cnanged 
characteristic  (3*20.2  ,  3.20.3).  Remove  the  dayligiit  control  egid 
measure  the  ^resistances  required-  to  turn  the  beacon  on  and  ofJ'  and 
compare  them  to  the  requirements  of  3.20. 
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^.3.6  Isolation  of  Beacon  "Case.  Check  the  flashtube  beacon  to  insure 


that  it  meets  the  electrical  isolation  requirenents  of  3*9^2  by  piacinp 
l8-volts  DC  betoeen  each  temdnal  and  a  metallic  cportion  of  tlie  case 
if  it  exists  v;hether  internal  or  external  (3.9)  for  at  least  seconds 
and  noting' the  current  flow.  fKie  resistance  shall  not  be  less  than 
1  megaohm  between  each  teniiinal  and  'the  case ; 

4.3.7  Acceptance  .Levels .  Acceptance  levels  for  routine  tests  con¬ 
ducted  after  qualification  shall  be  specified  by  the  Contracti.ng  Officer 
4.4  Laboratory  Tests.  After  passing  the  routine  tests  and  before 
laboratory  tests  are  begun,  all  sariples,  with  the  "D"  terminals  left 
open,  will  be  conditioned  first  by  subjecting  them  to  three  24-hour 
cycles  ol*  tempel-ature  variation  consisting  of  approximately  16  hours 
at  140°  ±2^  and  approximately  8  hours  at  -10°  +5°F.  'fhe  transitions, 
between  temperatures  shall  be  accatplished  within  the  8-hour  period  so 
that  the  tljne  at  'the  high  temperature  is  approximately  I6  houi’s..  'During 
the  tenperature  cycling,  each  beacon  shall  operate  from  15-volt-  IXJ  im¬ 
pedance-free  sources. 

Upon  completion  of  the  conditioning,  one  each  of  tlie  GP2-5(rT)L, 
IQkP110.0(FT)'il,.  PI  2.5(FT)M  and  CPl/3-8.0(pr)H  beacons  will  be  ran¬ 
domly  selected  for  the  laboratory  -tests  (the  other  four  wi].l  be  used 
for  simultaneous  accelerated  life  tests  (see  4.5). 

Primary  batteries  shall  be  slimlated  in  the  laboratory  tents  by- 
use  of  a  regulated,  ripple-free,  DC,  iirped^ce-free  sofirce  (3i'’..19) 
with  an  external  capacitor  bank  of  68,000  microfarads  connected  be- 
twee'h  the  output  leads  and  with  a  variable  resistor  in  the  popiti-ve 
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lead  between  the  capacitor  bank  and  the  flashttibe  beacon.  The  source 
impedances  and  voltapres  of  3  *12  shall  be  siimlated  for  the  beacons 
listed  in  the  followinp;  table  by  the  indicated  conhinations  of  pwer- 
supply  voltage  and  series  resistance  used  in  conjunction  witli  this 
impedance-free  sour.ce  and  capacitor  bank: 


Ccmbir.atlon 

Gpen-Circuit  Voltage 

Series  Resistance 

Beacon  Load 

I 

18.0  volts 

i6  ohns 

GP2-5(Fr)L 

II 

18.0 

.3  ohirs 

IOkFilO.O('l!T)H 

III 

13.2  volts 

2.8  oiws 

PI  2.5(1^)^ 

IV 

1^1  volts- 

2.8  ohhs 

lOkFllO.OCPTDM 

V 

12  volts 

1.3  c^ms 

GP1^3-8.0(Fr)M 

''/I 

11.5  volts 

2.8  dire 

GP2-'.)(PT')L 

A  transfonner  rectifier  pov;er  supply  vdth  a  3^  ripple  shall  be  sinulated 
in  the  laboratory  tests  by  the  use  of  a  12-volt,  75-100  AH  lead-acid 
storage  battery  with  a  0-.36-volt  peak-to-peak,  60-cycle  AC  inif)e(^ce- 
free  source  connected  in  series  vdth  the  negative  battery  lead.  Tlie 
requirements  of  tranSfonner-rectifier  operation  in  3.12 -and  3*1*^  vdll 
be  checked  in  the  tests  with  the  following  cc«i)inatioris: 

Compination  Beacon  Load 

Vir  'P12.5(FT)M 

Vin  SPl/3-8.0(FT)i; 

Where  in  the  following  laboratory  tests  ireasureirents  are  reqa  r’ed  at 
-10°F,  flasntube  beacons  should  be  connected  to  a  norrd  lal,  12-volt  DC 
pdvfer  supply  and -efiei^zed  with  a  lOnu-OiTfu  i'esl'stor  across  the  - 


terminals  clurinp  the  time  they  are  broupht  dovm  to  thie  test  tenperature. 
^,.^.1  Repetition  of  Routine  Tests .  All  routine  tests  specified  in 
^•3*3j  ^•3-bj  4.3.6  shall  be  repeateu  in  the  laboratory  at  70'^  +  5°I‘' 
and  at  ainbient  humidity  upon  con?:)letion  of  the  24-hour  cyclin/'-. 

4.4.2  Teinperatur‘e  Effects  on  Pov/er  Regulation.  After  makinf  the 
measurements  indicated  belov/  for  all  combinations  except  V  and  IT,, 
compare  the  results  for  conformance  to  3*13  and  3*16.2.  All  tests  are  to 
be  conducted  with  no  extertial  connection  between  "S''  tenplrnls  usinp- 

a  povemment-approved  photosensitive  detector  tliat  has  a  relaldvc 
luminous  efficiency  curve  closely  appreximatinr  tliat  o*'  tlio  C.I.li. 
for  a  "standard  observer"  and  fast  oscilloscope  or  rovemment-anproved 
integratinp  device: 

A.  Detennine  lens/lamp  ratio  for  155nm  flashtube  beacon 
assembly  (i.e.,  intensity  in  one  dirc*ction  v;ith  and  without  Ijmtem 
lens)  vd.th. the  sample  beacon  that  has  the  larpest  vertical  source 
dimension. 

b.  At  70°  +  neasure  the  beam  diverpence  produced  by  the 
beacon  of  the  smallest  vertical  source  dimension  in  a  l55-nm  lantern. 

C.  V/ith  £03  cotiibinatiora  (except  V  &  VI)  at  70^  +  140^ 

and  -lO^F,  neasure  mean  integrated  intensities  produced  in  ea<li  case^ 
niiltiply  result  by  lens/lamp  ratio  deterrlnsd  in  "A"  fi.  ovo,  ar.d  eexr- 
pare  the  irsults  with  the  requirerer of  3.16.2. 

4.4.3  Temperature  Effects  on  Input  Fnerry,  Average  Cu*rrent  aiid 
Timinr  Accuracy.  After  making  the  .noasurements  indica  .ed  belc-w  for 
all  combinations  at  70°  +  5°,  14:"^F  and  -10°^  COTinare  ,he  results  with 
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the  requirements  of  3.16.1,,  3.12,  and  3.1^.  All  tests  are  to  be  con- 
ductea  with  no  external  connection  between  the  "f”  tenrdnals . 

hi  Measure  energy  per  flash  into  the  flashtube  beacon  (3.16.1). 

D.  rfeasure  average  current  into  the  flashtube  beacon  (3.12). 

C.  Measure  timing  iiTtervals  (3-1^). 

Daytime  Current  and  Temperature.  For  all  cor  Li  nations  at 
70°  ±  5°  and  1^0°F  and  v/ith  a  1000-ohm  resistor  across  the  "i>'  terminals , 
measure  the  current  dravm  by  the  four  idling  sanple  H-ishtube  beacons. 

^ ^ • 5  Illumination  Control. 

A.  "Turn-on"  and  "Turn-off*  Resistance  -  At  -10°,  70°  and  1^10°F, 
for  each  flashtube  beacon  wi^*^  po\-;er  supply /resistance  combination  II 
and  IV  listed  in  and  a  variable  resistor  connected  across  the 

"S"  temdnals,  gradually  increase  the  resistance  from  15,000  olirrs, 
stopping  at  and  noting  the  value  at  v/hich  the  lamp  begins  flaiibing. 

Check  to  insure  that  initial  flashing  is  on  characteri.jtic.  (3.20.3). 

Then  gradually  reduce  the  resistance  from  that  value,  stopping  at  and 
noting  the  value  at  v;hich  the  lamp  stops  flashing.  Ensure  that  all 
flashing,  during  this  "on"  period  has  been  on  characteristic.  Compare 
the  resistance  observations  v/ith  the  requirements  of  3.20. 

B.  Bias-Voltage  -  At  70°  +  5°Pj  with  power  source/resist/ince 
combination  IV  of  ^ ,  measure  the  biasing  voltage  across  a  1000  ohm 
resistor  (daytime  operation)  and  a  lOOK  ohm  resistor  (nighttime  opei’- 
ation)  and  compare  the  results  to  the  requirements  of  3.20. 

C.  Spur‘lous  Activation  -  At  70°  +  5°P,  v/ith  power  source/re¬ 
sistance  ccmbinatlpn  IV  of  the  ambient  illumihati  ./n  sligiitly  below 


the  "tum-off"  level,  insure  that  the  additional  illundnation  from  the 
flashtube  does  not  cause  the  flashtube  beacon  to  operate  on  a  changed 
characteristic  with  a  'fype  C  daylight  control  (3.20.2).  In  addition, 

\d.th  the  airblent  illumination  set  at  slipiitly  bela-/  th-*  "turn-on”  level, 
insure  that  the  flashtube 's  illumination  does  not  turn  -the  beacon  off 
nor  cause  the  beacon  to  operate  on  a  changed  djaracter!.stic. 

Environmental  Tests.  The  Ainctibhal  measureirents  described 
below  shall  be  made  on  each  of  the  four  "laboratory  test  beacons"  after 
each  of  the  following  exposure  tests  for  each  beacon: 

A.  Shock  (i|.i<.8) 

B.  Vibration  (il.iJ.T) 

C.  Salt  Spray  (corrosion)  (*1.^.9) 

D.  Imnerslon  (Seal)  (^.^l.ll) 

E.  Accessibility  and  av^labillty  of  circuiting  for  inspection 
(^.^.12).  For  all  carbinations  except  V  and  VT  at  70°  +  5°,  neasur’e 
mean  integrated  intensity  (3.13>  3.16.2);  then  repeat  ^1.3. 3  for  the 
four  sanple  beacons.  The  results  of  each  post-environmental  exposure 
test  shall  conform  to  the  indicated  requirenjents  for  the  sanpDe  to 
pass  thy  exppsure  tests. 

^.^1.7  Vibration.  Flashtube  beacons  shall  be  tested  in  accoroance 
with  MIL“S'i'I>-202,  Method  20^1'-,  using  Test  Conditions  D  with  the  dur-ation 
reduced  to  three  cycles  (each  cycle  to  be  20  minutes  long)  anc;  tlie 
amplitude  up  to  10  G's  in  each  of  three  nutually  pernendiculai'  directions. 
The  sample  shall  be  attached  to  the  rigid  fixture  capa.le  of  t-ransmitting 


all  the  vibration  conditions.  IXirinp;  the  vibration  cycling,  the  flash- 
tube  beacon  shall  operate  under  Caibination  II  open  circuit  voltage  and 
resistance  conditions  of  For  the  first  tv/o  cycles,  the  "S"  ter- 

niinals  shall  be  open.  During  the  final  cycle,  v;ith  a  lOOO-oliuir resistor 
connected  between  the  "S"  terminals,  the  flashtube  beacon  shall  not 
operate  spuriously  when  subjected  to  vibration. 

^.^.8  Shock.  Flashtube  beacons  shall  be  tested  in  accord^ce  vdth 
MII/-STD-202,  Method  205  B  for  both  normal  flashing  and  normal  daytime 
(sun-switch)  operation.  Samples  shall  bo  rigidly  mounted  and  subjected 
to  thirty-six  shocks  each,  three  in  each  of  the  six  dlrectioni;  specified 
for  each  condition  of  operation.  Daytime  conditions  shall  be  siimlated 
in  this  test  with  a  1000-ohm  resistor  connected  betv/een  sunswitch  ter¬ 
minals.  The  flashtube  beacons  shall  not  operate  spuriously  when  sub¬ 
jected  to  shock. 

^.^.9  Salt  Spaiy  (Corrosion).  Flashtube  beacons  shall  be  ter.ted  in 
accordance  with  rCTL-S'rD-202,  using  Method  101,  in  a  5^  salt  solution 
with  a  48-hour  exposure  time  (test  condition  B).  After  exposure,  ex¬ 
teriors  of  sanples  shall  be  thoroughly  Inspected  for  evidence  of 
extreme  susceptibility  of  corrosion. 

4.4.10  humidity  Test.  Flashtube  beacons  shall  be  subjected  to 
240-hour  humidity  cycling  tests  in  accordance  vdth  I-IL-STD-SlC' ,-  Method 
507,  Precedure  1.  Within  one  hour  of  the  caiipletion  o^‘  the  ten-day 
test,  perform  the  required  functional  measurements  of  4.4.6. 

4.4.11  Immersion  (seal).  Flashtube  beacons  shall  be  Immersec;  in 
v;ater  until  at  least  four  feet  of  v;ater  covers  each  unit.  Ihe  unit 


shall  remain  in  the  v;ater  for  at  least  10  minutes .  V/ithin  one  hour  of 
conpletion  of  this  test,  perform  the  Ainctional  tests  of 
^.^1.12  Accessibility  and  Availability' of  Circuitry  for  Inspection. 
Within  one  hour  of  the  end  of  the  immersion  test,,  check  that  the 
opening  of  the  samples  does  not  damage  the  circuitry-  or  interfere  with 
the  proper  functioning  of  the  flashtube  beacon.  Check  that  potting, 
or  other  environmental  protection,,  strips  off  easily  accordinfi;  to  the 
manufacturer's  instructions  (see  3.10.2)  v/ithout  affecting  the  cir" 
cuitry,  so  that  components ^  wiring,  etc.,  may  be  inspected  for  defects, 
failures  and  v/orkmanship . 

i|.iJ.13  Workmanship.  Inspect  circuitry  for  evidence  of  good  tsolder 
joints,  and  all  the  internals  for  evidence  that  the  specified  standard 
of  workmanship  has  been  adhered  to.  (3.11) 

Materials .  Inspect  circuitry  and  internals  to  ascertfiin  that 
there  are  no  moving  or  adjustable  parts  (3.^) 

^J.5  Accelerated  Life  Tests.  Ihe  following  four  sairpDo  flashi.ube 
beacons  not  used  in  the  laboratory  tests  shall  be  subjected  to  an 
accelerated  life  test:  (1)- P12.‘^(Fi')M,  (2)  QI^PKFDli,  (3)  GP25(Fr)L  and 
(^)  GPl/3“8.0(Pr)L.  Before  the  accelerated  testing  is  begun,  the  sanple 
beacbr.s  must  be  conditioned  as  described  in  Section  Ihe  acceler- 

atea  life  test  shall  consist  of  operating  the  flashtube  beacon  samples 
at  l^iOPP  i  2°P  and  at  ambient  humddlty  for  3(30  hour.'^  (15  conplete  days). 
Tire  beacons,  v;ith  a  type  C  daylight  contrxrl,  shall  be  cycled  iis  follavs 
v/hile  operating  frcxii  an  impedance- free  source : 


A.  In  a  darkened  test  charriber.  Increase,  the  Input  voltapc  to 

15.0  volts  DC  and  operate  in  this  condition  for  one  hour  and'  :5  irinutes. 

B.  Itien,  decrease  Input  voltaf^  to  10.0  volts  IX::  and  operate 
in  this  condition  for  one  hour. 

C.  Itien  increase  input  voltape  to  12.5  volts  DC  and  operate 

for  1/2  hour  at  the  end  of  v/hich  tinse  the  beacons  shalJ  be  de-ener’gized 
for  15  irdnutes. 

D.  At  the  end  of  the  15  minutes  shut-dovra  pericd,  opervatr  at 
10.0  volts  DC  for  one  hour. 

li.  Increase  input  to  15.0  volts  DC  and  operate  for  one  hour, 
fifteen  minutes. 

F.  llien  decrease  the  input  voltafe  to,  12.5  volts  1X3  and  (operate 
for  a  period  of  1/2  hour  at  the  end  of  which  the  flashlube  Ijeacons  shali 
be  de-enei'fized  for  15  minutes. 

G.  Re-enerplze  at  12.5  volts  DC.  Prom  the  120t.h  to  the  32r.d 
hour  and  the  2^0th  to  the  252nd  hour  of  the  test,  tiie  airbioit  illumi¬ 
nation  shall  be  raised  in  the  test  chamber  to  100  foot-candLer  to  in¬ 
sure  that  all  flashtube  beacons  are  turned  off  oy  their  photo* -oncuc tors. 

Measure  mean  inte?rrated  Intensity  (3.13,  3. If- .2';,  enerp:/  jer  flash 
into  the  beacon  (3.16.1)  and  tiirdnf  intervals  (3.1^!)  after  -^h*  cen- 
ditioninp-  of  before  the  accelerated  life  test  and  apain  a 'ter  the 
accelerated  life  tests .  Measurenents  will  be  made  at  70®  +  5'  ‘F  and  for 
impedance  free  source  voltages  of  12  and  15  volts. 

^^.6  Flashtube  Lamp  Life  Tests.  Fia.shtube  lamp  lift-  more  tiian 
doubles,  when  inpui.  energy  per  flush,  is.  .halved...  J.n.  \dew  of  dm  .i^FTP . 


requiremGnts  in  3 •17.1,  therefore,  life  te'ts  ft  t!ie  lilt's,  enerpy 
level  only  required  for  aualification-n:eaiu.n  anu  low  enex-jy  lojpp 
lives,  will  be  dieckcd  subsequent  to  qualificatiDn.  Usint;  i  k;  con¬ 
tractor  fumi.ahed  accelerated  life  teotinp  device,  .'nxip  13 f?  luali Pi- 
cation  tests  v;ill  coirinence  initiediately  unon  rec-^ipt  of  sniq^le  lairs  - 
a  90/j  confidence  level  for  a  20  million  Po'*  hiiii  fnerpy  aiqT, 
vrf.ll  have  been  attained,  vjlxen  too  flashtube  lam?  ha^o  rena'nei  above 
the  55p  lntet',rated  intensity  fttilux-e  criterion  Por  twenty-*' ^u  tnjiUon 
flashes  each  (i.e.,  27  days  each  at  ton  fps).. 

^t.6.1  Input  and  Output  rinorples.  Input  electrical  enorr?/  tc  Ivered 
to  tlie  flashtube  l^y  fron.  a  beacon  dlscharpo  c  'ndersor  jurlnj  eaeli 
flash  will  be  measured  rat  the  befinninp  of  life  test  inp  arid  ii.jne- 
diately  after  the  fMlurc  cilterlon  has  been  re.ichet  .  Outp  it  mean  in- 
teprated  intensities  (cd-secs)  will  be  measured  repi  iarly  t.nn  URh.out 
the  perfoimance  of  tlie  testa. 

^1.6.2  V/al.vor.  Waiver  of  the  requirenoent  for  satis tactory  eo!  plctirn 
of  the  flashtube  life  tests  before  qualification  will  occui*  a'  the 
discretion  of  the  contracting  officer  upon  presentat ion  of  at:  tlr.ticai 
evidence  that  shov/s  to  the  contractin-T  officer 'a  satisfcct'  m  that 
the  minimum  MT's  of  3.17.1  can  be  met  by  the  Plasltube  L-i'np;  Ir- 
vc'lved  in  the  qualification.  If  after  waiver  qualification  aid 
con.pletion  of  the  life  tests  describe  J  above  it  is  found  thit  th 
flashtube  lamp  docs  not  satisfy  the  rcoulrementa  of  3.17.1,  q>all- 
Picatlon  nay  be  revoked  by  the  contractinf  officer. 


5.  WARIWi’Y  PFWVISlCiMS 

5.1  Plashtube  Beacons 

5.1.1  Guaz^tee .  Each  flashtubc  beacon  shall  be  pvarantecb  j.rainst 
failure  from  all  causes,  as  defined  in  parapraph  3.t ,  for  tv/o  years 
frcm  the  date  of  shipment  of  the  last  flashtube  beacon  procured 
under  a  sinple  contract .  'ilie  llnd.ting  5%  annual  fa’  lure  rate  shall 
be  based  on  the  assuniption  that  all  flashtube  beacors  procured 
under  a  single  contract  v;ere  delivered  on  tho  date  that  the  lost 
flashtube  beacon  was  delivered,  ‘llius,  one  year  after  conplet'-ori  of 
delivery  of  all  flashtubc  beacons  no  fewer  than  must  -rouvTin  in 
operation.  At  the  end  of  tv;o  year’s,  no  fewer  than  pO.S?'  (.‘)5‘  =  .903) 
nust  remain  in  operation;  after  three  years  85.Y?»  (.95^  =  .b5'i);  etc. 
For  the  purpose  of  annual  failure  calculations,  only  flashtubi  beacons 
vMch  have  failed^  been  repaired,  and  been  returned  to  servVc(  will 
still  be  considered  to  be  failed  flashtube  beacons. 

5.1.2  Annual  Failure  Fate  Not  Exceeding  If  a  rlashtube  i  eacon 
covered  by  the  fjrarantee  falls  within  two  years  of  thie  date  ol'  ship- 
nent  of  the  last  beacon  procured  under  a  single  contract  and  "s  re¬ 
turned,  to  the  manufacturer  as  required  by  3.6.1,  anc  if  the  annual 
failur’G  rate  of  those  beacons  still  within  the  tv/o-year  puai’ai  itee 
pericxj  is  less  than  the  manufactur-er  shall  repair  or  replace  the 
failed  beacon  within  30  days  after  receipt. 

5.1.3  Annual  Failure  Hate  not  Exceeding  5?^.  If  the  annual  f.'Uuiv 
I'ate  of  those  flashtube  beacons  still  within  tho  twr  year*  rua’-antoe 


period  is  greater  than  5^,  the  faiJed  flashtube  beacons  vjiJ.l  \  e  le- 
placea  as  indicated  above  (5.1.2). 

5^2  Plaslitube  Lamps 

5.2.1  Guarantee  Against  Non-Catastr‘onhic  Jj'ailur’e.  liach  fi;is}  tube 
lanip  shall  be  {oiaranteod  af^aiVist  non-oatastronhic  faliurc,  .e.,  arainst 
^<5%  reduction  failure  as  defined  in  3.17.1,  for  tho  following  neriods 
from  the  date  of  shipment: 

Energy  Level  V/arrnnty  Period  '’.vf-ars) 

Hiph  1/2 

Medium  1 


Low  2 

I’ho.se  v/arranty  periods  are  very  conserv'ative  for  the  worst  cafe,  i.o., 
"the  OKf'KFT)  Characteristic,  without  duyliglit  control,  which  pjoducos 
more  flashes  per  day  than  any  other  c-iaracteristic. 

5.2.2  Ouar'antee  Afrainst  Catastrophic  Failur’e.  Catastrophic  failures 
are  more  easily  detected  in  the  fielo  than  non-oatastr’ophic.  Each 
flashtube  lainp  shall  be  guaranteed  against  catastrophic  failuj-e,  l.e., 
corrplete  failure,  for  the  periods  from  the  date  of  ship.':.ent  ii  dlcated 
In  the  follov/ing  table.. 

Energy  Ijovel  V.'arr’anty  Pei’lcx  (ve<ir) 

il  1 

M  ? 

L  2 


(>•31 


5.2.3  Li  qltlnr.  Failure  Hates.  A  5/^  onnual  failure  rate  opuL'es 
for  fla.'ihtubes  as  well  as  flashtube  beacons,  but  on2y  within  the 
period  of  lamp  warranty  follo'wing  the  deilverj/  of  a  new  boacoi  with 
flashtube  laiip.  As  with  fla.shtubo  beacons  it  is  based  on  the  assuirn- 
tion  that  all  flashtube  beacons  procured  under  a  sir.rle  contnct  wore 
delivered  on  the  date  that  the  last  flashtube  beacor  was  delivered. 
'Ihus,  .'iix  months  after*  the  delivery  of  a  hipir  enerfy  beacon,  no  more 
than  2.5p  of  the  hiph  enerpy  beacon  flashtube  limps  must  have  failed 
from  non-car.trophic  failure.  Similarly,  after  r  yerr  no  moro  than 
5/>  of  the  high  energy  beacon  flashtubos  must  have  foiled  from  cata¬ 
strophic  failure,  and  ^ter  tv;o  year’s  no  mor’e  than  50.355  of  the  medium 
and  low  energy  flashtubes  must  have  failed  from  catastrophic  failure. 
Regardless  of  the  failure  rate,  flashtube  Imps  determined  to  have 
failed  within  the  above  warranty  periods  shall  Ire  replaced  by  the 
nanufactuT’or  within  thirty  days  after  r-ocoipt  of  the  failed  Imp. 


6.  PI^PARATION  FOR  DELIVERY 

6.1  Packarlnfc.  Preservation  arid  paokaKinp  shall  confom  to  -ianu- 
facturer's  cormiercial  practice. 

6.2  Packinp;.  Flashtube  beacons  shall  be  packed  in  accor’danc*-  v;ith 
standard  commercial  practice. 

6.3  Marking.  Interior  and  exterior  containers  shall  be  mar’k<’d  in 
accordance -vriLth  MIL-EDi'-129 .  Printed  precautions  ix'cessary  for  fliil 
protection  of  the  flashtube  beacons  shall  be  proirinently  located 

as  specified  in  MEl^LTD-129. 
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APPKMLIZ  C 


DAYLIGHT  CONTROL 


APPe-iDix  c 


tiiiACOM  DAYLIOIiT  aTiVlTOL  AIID  DIS^IPATIOI 
liPFEC^iS  QN  RATED  BAmJiY  DISClIAr^i:  TJff. 


OENLIW. 


Reference  is  coTstant  ttiroufl-iout  Uiis  appen-ilx  to  solid  state 
flasliers.  All  points  nade  also  apply  to  fla''>htube  ;^Ki  bLUTstti.be 
beacons.  Tlie  mterial  contained  lie  rein  shows  t»e  return  in  b.' ttery 
savlrips  to  be  achieved  Uiroupii  c3r«o  sjiocificatlon  of  da^vlijii'  con¬ 
trol  and  dlsslpatlcar'i  tolertinces  In  flashtube  as  v/ell  as  fhuth  r  specl- 
flcatlais.  The  recotarended  flashtube  beacai  speclfi  catioTs  in 
Aj^jendix  b  have  been  developed  actxjrdtr^ly. 

This  aj^Qfidlx  draws  the  follcwlnf  ctxiclusions; 

(1)  Beacon  lllumlnatlcrt  ccaitml  circuitry  s  ioth  turn  on  t^ie 

beacoi  before  C"  daylight  control  resistance  cxcee<Js  10  .OOC 

dans  and  turn  it  off  before  this  resistan®?  falls  l^elotf  dins. 

(2)  The  resistance  value  at  vMd)  tlxs  beacon  Utrns  mi  shojild 
exceed  the  value  at  vhidt  it  tarrrss  off  by  at  leant  t«*000  dtins 

(3)  The  fourteen  hour  averaro  dally  operating  time  asstsrpt.iori  of 
CMimandant’s  InstrectlMi  10500.23  and  ECV-ilO  acccwnls  for  wom  t 
case  Alaska  ccxxlitions  aid  actual  qualified  flasteiT..  At  tlie  sane 
tin®,  however,  it  is  overly  cMiscrvatlve  for  the  soiatliem  dls-rlcts 
and  causes  marty  battery  reliefs  to  be  prwnature  by  as  nuch  as  four 
or  five  moiths. 

(4)  A  thirteen  hour  average  daily  operating  tinf  assunptlcn  will 
cover  worst  case  conditions  (e.g. ,  two  winters  of  long  nigjits  and  one 
suimer  of  short  nights)  for  ^1  aids  scxith  of  50  decrees  North. 


(5)  KMith  by  nxintii  discliarge  calculations  accouriting  for  -iie  efi’ects 
of  latitude  can  reduce  Coast  Guard  battery  procir-enicnts  slgjii  ’icantly. 

(6)  Cloud  cover  has  only  sligiit  effect  (e.p.,  ttn  ckys)  o:.  pmer 
unit  lifetime  prediction  accuracy. 

(7)  Flasher  dissipation  asswiptions  in  calculating  batt'jr:  lii’c- 
tines  coupled  with  the  IM  hour  assunrtlon  for  latitudes  less  ‘  har. 

50<^’  cause  nany  p<»/er  units  to  be  relieved  more  than  six  months  early. 


(3)  DlssipatlMi  assunptlons  of  10^00.23  and  requirement!}  '-f  P.D. 
IBIA  should  bo  c{iar<ged  to  values  no  greater  than  thesse  of  f  la:  fiers 


n  4  r4 


•>? 


Tum-on  ajid  Tum-off  Illumlnatic^.  Levelr 


The  actual  turn-on  and  tum-off  illumination  levels  of  ivn  aid  are 
detennined  by  the  sensitivity  of  the  dayligjit  contrc.l  (D.C.)  ?jTd  by  the 
tum-m  and  tum-off  resistances  required  of  the  day3irtit  control  by 
the  flasher.  SoTsitivities  vary  amonp;  photocells,  'llim-on  aj;d  tum- 
off  resistances  vary  airong  flashers.  Because  the  tum-m  aaid  turn-off 
illumination  levels  for  eadi  fit,  .er/D.C.  carbinatirn  cannot  I  e  nea- 
sured,  predlctlm  of  dally  ope  -atinp  tines  must  be  lased  upon  tlie 
hlphest  tum-on  and  turr.-off  '  lumlnatic»i  values  possible  wlti  the 
hardware,  i.e.,  on  tlie  set  of  ..llimTlnatlon  values  ti.at  for  an,'.-  pdven 
cloud  or  visibility  c<»xlitlms  will  (five  the  lonpent  period  of  flashing 
operation  possible  with  ti'.e  flasher  ^  daylifiiit  control  ut'.iKl.  'ihese 
n»xlimm  values  should  be  detemlnod  from  soocif  Icati  on  sens  it  ~  vity 
l^tts  for  dayllpht  cmtrols  and  specification  mlnirvit;!  reslstfjice 
limits’  for  flashers.  However,  greater  accuracy  Is  actuAlly  pcsnlbie 
uslnj^  the  mlniinum  resistances  measured  to  date  tn  CC:-l8l  flasl  er 
qualification  tests. 

Because  a  daylif^t  control  is  not  equally  sensitive  to  fil  wave- 
ler^^^s  of  solar  radlatlm,  turn-on  and  tum-off  illumination  levels 
are  not  the  same  at  each  tydll^t.  They  actual iy  vary  sligjitiy  as 
a  functlav  of  the  color  temperature  of  tije  sky  directly  lllunthatlnp 
tlie  dayliji)t  control.  Cloud  cover  l.s  a  factor  In  this  regard  because 
it  affects  sky  color  tetrperature.  For  a  buoy,  d.C.  direction  is 
another  factor,  because  it  is  ccaitlnually  chanflngj  a  buoy’s  tiay light 
ccaitrol  may  see  a  red  western  sky  one  minute  near  sunset  and  r.  blue 
eastern  sl^  a  minute  later. 

The  variation  amcaig  twili^ts  in  tum-on  and  tum-off  illiimlnation 
levels  is  sll^it  Tor  daylight  controls  on  the  CC-181  flashers  In 
clear  acrylic  lanterns,  however,  since  tiie  dayllgtit  cwitrols  tre  in¬ 
stalled  with  Inclinations  about  6‘j®  above  the  horlscntal.  'th<  day  light 
controls,  therefore  will  more  often  than  not  be  pointed  at  tiw  blue 
sky  overhead  at  the  times  of  turn-on  and  tum-off  iHumlnatlcas. 

For  clear  155  mm  and  250  nm  lanterns,  present  djiyilBiit  control 
specifications  c^l  for  daylight  control  resist r-incei-  of  115  K  +  20:^ 
ohms  vhen  illuminated  with  2  foot  candles  (ft-c)  frtm  a  285‘^  i*nolor* 
tenperature  (Illuminant  A)  soiree.  This  reouireneni.,  which  in  b&sed 
on  woid(  performed  by  LCDK  K.  b.  I-HM;;-  in  project  35(0/0*1/01,  ;  ssukss 
the  North  sky  to  represent  the  average  daily  viov/ing  condltloi.s  (i.e., 
averag^e  sky  color  temperature)  of  a  daylight  control  at  tum-cn  and 
tum-off  illuminatlm  levels.  For  pr-een  and  red  acrylic  lens<s,  the 
reoulranent  is  62. 5K  ohms  +  20^  to  co'tpensate  for  tie  reduced  trans¬ 
mission  of  colored  lenses  ,”>10  as  to  maintain  the  sare  corressp*  ndence 
between  the  daylight  ccaitrol  resistances  at  v-hich  the  flasher  turns 


on  and  turns  off  and  the  awtlent.  illumination  levelr  outside  the 
nailne  signal  lantern.  Thta,  flasher  actuation  resistance  rec:uir«- 
ments  do  not  depend  tqxjn  the  color  of  tlie  acrylic  lens. 


Upper  and  I<a‘;er  Bounds 


Itio  flasher  Purchase  Description  l6lii»  requires  tum-on  ii  the 
evening  before  D.C.  resistance  rises  to  iJOK  olirrs  and  turn-off  in  the 
morning  before  it  drops  to  lOK  ciiins.  It  states  neither  a  uopt  r  bound 
for  the  turn-off  resistance  nor  a  Iwer  bound  for  the  tum-on  resistance. 
But,  because  it  does  state  an  upper  bound  on  turn-on  resistance,  there 
is  actually  an  upper  boind  at  the  turn-off  resistance.  Simllcrly,  be¬ 
cause  it  states  a  lower  bound  for  turn-off  resistance,  there  fs  also 
an  actual  lower  bound  at  tum-on  resistance. 

Ihe  expUcatioi  of  those  upper  and  lower  bo.jnds  evolves  fjon  the 
siirple  realization  tliat  the  turn-off  ambient  illumlriatlori  in  ihe 
morning  must  be  greater  than  the  tum-oi  ambJent  lljiiminatli^  at  nlpitt. 
Because  D.C.  resistance  is  inversely  related  to  illim^inatioit  evel, 
the  dayllpht  coitrol  TUBN-OFP  PESISTW'ICfc:  of  a  flasher  must  riH'ays  be 
lESS  THAN  its.TURI^-ON  FliSISTAI^CE.  PD  -l8lB,  thoreff>re,  by  stc.tlng  a 
maximum  tum-on  resistance  of  ^OK  dims  indirectly  Irposes  on  ^he 
turn-off  resistance  an  ujper  lindt  sotnevihere  under  ^iOK  cdtms.  Effec¬ 
tively,  then,  botti  tlie  tum-ot  as,:!  tlte  turn-off  resistances  a:e 
restricted  by  PD-lSlB  to  the  10-i»0K  ohm  ranpe  with  the  added  I'estrictlon 
tiiat  the  tur*n-off  resistance  value  always  be  less  than  ttie  tuiTi-m 
value.  The  maximum  allowed  tum-ai  and  turn-off  i«slstanoes  end 
illunination  levels  would  therefore  oi:p€ar  to  bs  those  Indlca'ed  In 
Table  C-1. 


TABLE  C-1 

Apparent  Allowed  Daylipiit 
Tmv-on  (Eve.) 

Resistance  10  -  AOKcPm 

Illumination  10c  -  270ft-c 


It  turns  out  tihat  the  daylight  control  ranpos  aj-e  not  a<Jt»<ally 
as  clean  as  Indicated  in  Table  C-l.  In  addition  to  the  requii'ement 
that  tl:»  tum-on  resistance  be  less  th?m  tlie  tum-njT  reslsi.ajice  for 
each  flasher,  a  reouiren»nt  is  lirpwed  by  PD-l8ir>  that  re'qulns  the 
tum-on  resistance  to  be  significantly  less  thm  tno  turn-off  resistance. 
It  canes  by  way  of  tlie  requirement  tc>  prevent  a  flar  her  fmm  tperntinp 
"on  a  changed  characteristic  at  any  level  of  am.bient.  Uluiiilna*  lot', 
below  its  turn-off  level",  e.g. ,  so  as  to  preve-it  fi ashing  op;«  I’ating 
from  alternate  starts  and  stops  due  t  o  the  effects  of  passDip-:  clouds 
on  aiibient  illumination  during  twlllnt.  'Phis,  of  course,  Imtoscs 
separation  of  the  turn-on  and  twii-ol'f  lllundnation  levels  .-inc  the 
correspcaiding  resistance  values. 


Control  Hcngeh 

Turn-off  (Kom.) 

10  -  iiOKolim 

10c  -  270ft-c 


niinlitaini  oifference  between  turn-on  and  tum-off  dayiiilit 
control  resistances  measured  in  1‘lasher  cualiflsaticn  tests  t<>  date 
has  (except  for  orie  O^F  measurement)  been  SKchrrs.  At  first  f  ance, 
then  we  might  expect  tlie  tum-on  ranpe  to  be  r.dwrs  an<l ’ 'm 

tun>*off  ranp«  to  be  10-35  Kdins.  however,  ouaiifi cation  tus's  Pal's 
actually  shown  (except  for  the  same  0°F  reasure'iont)  tiiat  raires 

aie  20-i<0  Kchirs  and  15-2^  Kchms  anonr  qualified  flarhen;,  "tn  advant- 

of  specifyinf:  the  5  minlrutn  difference,  a  l.um-oi  Kohf!. 

requirement  and  a  tum-off  15-35  Kdir-  requirement  Ir.  the  f  l;isl  er 
purchase  description  will  become  apparent  In  ti'.o  next  sectiixi- 

Cotrputation  of  *'Averap^  Da.v'‘  Operatin'^,  Tires 

'ihe  times  each  day  tliat  tiie  various  levels  of  lllufrinatio; .  occur 
at  given  latitudes  for  each  doclliiatlon  of  t!ie  aun  -nre  aval  i.al  le  fror; 
ti'.e  bode,  Natural  IllUfrination  C}-i?trts  vhldi  was  ru^Jirhee^  by  'iK)  limy 
liureau  of  Ships  in  September,  1952.  i':ach  chart  In  \iio  I-cjoI;  n  presents 
"ll^t  conditiors  during  avei-age  clear  <3ayci  clew  ^^ays  l)cii'.g  defined 
as  less  than  seven  tenths  overcast-  anvi  with  tix  sun’;:  rays 
to  the  locality  in  question’*.  Vilien  the  sun  is  ibstiucted  by  ‘t«!n 
clouds,  ttie  book  recomnaids  multiplying  tiw  iiloadnaticai  valu*s  by 
two  before  aiterinc  the  ciiarts.  For  average  cloud  c-cr^iitltMis  ctostnictir. 
the  sun,  the  illundnatlon  values  are  multiplied  by  three. 

Tables  C-2,  C-3,  and  C-4  were  prepared  to  ficllltate  the  .'  ttalnment 
of  the  follaving  three  ultimate  chjectives: 

(1)  to  ccxrpare  and  s\km  hew  tlie  assipptlors  of  tun -on 

15-2i»K  tum-off  arid  20-il0K  turn-c«,  l‘>*35k  tum-off  dayllfiit  .  cxitrol 
ranges  can  increase  lifetime  prediction  accuracy  ove-r  tliat  jxx  slble 
witti  the  limits  allowed  by  H>-l8]B. 

(2)  to  illustrate  the  effect  of  latitude  li-’c.*tlrre  esj^ei  lally 
vdien  lifetime  is  other  than  an  lnterr*al  nunter  of  years. 

(3)  to  critically  evaluate  t'ne  ’’fourteen  how  nc-r  day”  .•isi  unptlori 
of  Ccx?mandant*5  instmetion  I05OG.23  and  ECV-^<0  to  cemute  ba;  tory 
lifetimes. 

'i'hey  list  for  Wjo  thin  cloid  cmditlon  tlie  maxirw  ;.nd  miniirui  Jionttily 
and  yearly  "average  day”  operating  tirres  allov/ei  by  PP  -  iBib  actual 
ouallfied  flashers  anti  a  PD  -  181  spcclficatlm  if  rodiflcd  a;  r'ecoTr- 
mended  lierein.  l*he  thin  cloui  condition,  as  will  ot.  shown,  !r  a: 
average  ciouu  conaititxi  that  is  about  half  way  .■)etwtcn  tlie  di  hter 
average  ciouu  covers  of  Wie  southern  latitudes  ond  Hit*  heav'en  clou, 
conditions  of  tije  Northwest  ar^J  Alaska.  Kaotiily  of  i  ruling  ‘  I:  oi-c 
tables  vftjm  averaged  around  trie  r.t  iay  of  the  noiiih. 
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TABLE  C-2 

Monthly  "Average  Day”  Opers 
Allowed  by  Flasher  P.D.  l8lB  Ds 
Requirements  for  Acxyllc  lanterns 
Obstructed  by  Thin  Cl 


MAXIMUM  AVERAGES 
Off-276ft-c;  ■0n-270ft-c 


January 

lHh 

00« 

14 

4C 

15 

35 

17 

00 

19 

45 

February 

13 

30 

13 

40 

14 

15 

15 

10 

16 

15 

12  1 

March 

13 

00 

12 

50 

13 

00 

13 

15 

13 

30 

11 

April 

12 

20 

12 

00 

11 

45 

11 

25 

10 

50 

11 

May 

12 

00 

U 

k.0 

10 

45 

10 

00 

08 

40 

10 

June 

11 

40 

U 

15 

10 

30 

09 

30 

08 

00 

10 

July 

12 

00 

11 

20 

10 

44 

09 

50 

08 

30 

10  i 

August 

12 

20 

12 

OO 

11 

40 

U 

15 

10 

35 

n 

i 

11  j 

Septenter 

13 

00 

12 

50 

13 

00 

13 

15 

13 

30 

October 

13 

20 

13 

40 

14 

15 

15 

05 

16 

20 

12  1 

Novenber 

14 

00 

14 

40 

15 

35 

16 

55 

19 

40 

12  ! 

1 

Decerber 

14 

10 

14 

50 

15 

55 

17 

35 

21 

40 

i 

12  ! 
- 1 

12^  55  12  5b  00  13'  '  2fl  14  66 

Average 

Variation  2  30  3  35  5  25  8  05  13  HO 


I 


T 
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TABLE  C-2 

Monthly  "Average  Day"  Operating  Times 
Allowed  by  Flasher  P,D.  181B  Dayll^t  Ccantrol 
Requirements  for  Acrylic  lanterns  when  the  Sun  Is 
Obstructed  by  ^Diln  Clouds 

MEWIMUM  AVERACTS 

[c;  On-erOft-c  Oh*-10ft-c;  On-lOft-c 


1  N 

KiXH 

KlilWS 

— SO - 

*“501 — 

-'WTl - 

~50 — 

-Wn — 

15 

35 

17 

00 

19 

45 

12 

40 

13 

20 

14 

00 

15 

00 

16 

30 

1  ^ 

14 

15 

15 

10 

16 

15 

12 

10 

12 

30 

12 

55 

13 

20 

14 

00 

50 

13 

00 

13 

15 

13 

30 

11 

40 

U 

40 

11 

40 

n 

40 

U 

30 

00 

11 

45 

11 

25 

10 

50 

11 

10 

10 

45 

10 

20 

09 

40 

08 

40 

*.0 

10 

45 

10 

00 

08 

40 

10 

40 

10 

05 

09 

15 

08 

05 

06 

05 

15 

10 

30 

09 

30 

08 

00 

10 

30 

09 

50 

08 

55 

07 

35 

04 

45 

20 

10 

44 

09 

50 

08 

30 

10 

40 

10 

05 

09 

10 

08 

00 

05 

55 

Oh 

11 

40 

U 

15 

10 

35 

11 

10 

10 

45 

10 

15 

09 

35 

08 

25 

50 

13 

00 

13 

15 

13 

30 

11 

40 

U 

40 

U 

40 

11 

40 

11 

30 

40 

14 

15 

15 

05 

16 

20 

12 

10 

12 

30 

12 

50 

13 

20 

13 

55 

40 

15 

35 

16 

55 

19 

40 

12 

40 

13 

20 

I4 

00 

15 

00 

16 

30 

.50 

15 

55 

17 

35 

21 

40 

12 

50 

13 

30 

14 

20 

15 

30 

17 

25' 

■13"‘ 

Tjr 

IS" 

TT 

■14 

w . 

11 

*ir“ 

11“ 

■TT* 

“ir 

“11 

“IT 

t  Vi 

Q 

w 

/ur 

13 

40 

2 

20 

3 

40 

5 

25 

7 

55 

12 

40 

T 


9 


o 

I 

00 


TABl£  C-3 

Monthly  "Average  Day"  Operating  Times 
For  Qualified  CG-I8I  Flashers  in  Acrylic  Lar 
With  Dayli^t  Controls  When  the  Sun  is  Obstructed  b 


MAXIMUM  AVERAGES  MINIMUr4  AVERA 

Off-lOOft-c;  On-56ft-c  Off-23ft-c; 


Latitude 

20  N 

30  N 

4o  N 

50  N 

50 

20  N 

30 

January 

13^ 

15^ 

13 

55 

14 

40 

15 

50 

17 

50 

12 

55 

13 

February 

12 

^5 

13 

05 

13 

30 

14 

00 

14 

40 

12 

22 

12 

March 

12 

15 

12 

15 

12 

15 

12 

20 

12 

25 

11 

55 

11 

April 

11 

40 

11 

20 

11 

00 

10 

30 

09 

50 

11 

20 

10 

May 

11 

15 

10 

30 

10 

00 

09 

00 

07 

25 

10 

50 

10 

June 

11 

05 

10 

20 

09 

40 

08 

25 

06 

35 

10 

45 

09 

July 

11 

10 

10 

35 

09 

55 

08 

50 

07 

15 

10 

35 

10 

August 

11 

35 

11 

20 

10 

50 

10 

25 

09 

30 

11 

22 

10 

Sep tenter 

12 

10 

12 

15 

12 

15 

12 

25 

12 

20 

11 

52 

11 

October 

12 

40 

13 

05 

13 

30 

14 

00 

14 

50 

12 

22 

12 

November 

13 

15 

13 

55 

14 

40 

15 

50 

17 

50 

12 

35 

13 

December 

13 

30 

14 

05 

15 

00 

16 

20 

18 

55 

13 

05 

13 

Yearly 

Average 

12 

10 

12 

15 

12 

16 

12 

20 

12 

30 

11 

50 

11 

Variation 

2 

25 

3 

45 

5 

20 

7 

55 

12 

20 

2 

20 

3 

TABLE  C-3 

Monthly  "Average  Day"  Operating  Times 
Qualified  CG~l8l  Flashers  in  Acrylic  Lanterns 


t  Controls  When  the  Sun  is  Obstructed  by  Thin  Clouds 

MINIMUM  AVERAGES 
Off-23ft-c;  On-lOft-c 


a 

15 

50 

17 

50 

12 

55 

13 

27 

14 

10 

15 

07 

16 

40 

!0 

in 

00 

14 

40 

12 

22 

12 

38 

13 

05 

13 

30 

14 

10 

5 

12 

20 

12 

25 

11 

55 

11 

50 

11 

50 

11 

45 

11 

40 

10 

10 

30 

09 

50 

11 

20 

10 

50 

10 

30 

09 

45 

08 

50 

!0 

09 

00 

07 

25 

10 

50 

10 

12 

09 

26 

08 

10 

06 

15 

0 

08 

25 

06 

35 

10 

45 

09 

56 

09 

05 

07 

35 

05 

10 

5 

08 

50 

07 

15 

10 

35 

10 

15 

09 

20 

08 

05 

06 

05 

0 

10 

25 

09 

30 

11 

22 

10 

52 

10 

25 

09 

40 

08 

35 

5 

12 

25 

12 

20 

11 

52 

11 

50 

11 

50 

11 

45 

11 

40 

0 

14 

00 

14 

50 

12 

22 

12 

39 

13 

00 

13 

25 

14 

05 

0 

15 

50 

17 

50 

12 

55 

13 

28 

14 

10 

15 

05 

16 

40 

0 

16 

20 

18 

55 

13 

05 

13 

39 

14 

30 

15 

35 

17 

35 

12  20 


11  i»0 


( 


T 
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TABLE  C-J} 

Monthly  ’’Average  Day”  Curating  Times 
Corresponding  .to  Reconroended  D^li^t 
Ccxitrol  Actuaticai  Resistance  Values 
for  OG-181  Flashers  In  Acrylic  Lanterns 
vihen  the  Sun  Is  Obstmcted  by  IMn  Clouds 


MAXIMUM  AVERAGES  MINIKUM  AVERAGEj 

Off;  lOOft-c  On;  56ft-c  Ott;  i2ft-c 


Latitude 

"lO 

30  N 

4S1I 

5O 

— mu — 

Son 

30  a  1 

- - ^ 

January 

13^ 

15M 

13 

55 

14 

40 

15 

50 

17 

50 

12 

45 

13 

2 

Pebruai7 

12 

^5 

13 

05 

13 

30 

14 

00 

14 

40 

12 

15 

12 

3 

March 

12 

15 

12 

15 

12 

15 

12 

20 

12 

25 

11 

45 

11 

.4)rll 

11 

^0 

11 

20 

11 

00 

10 

30 

09 

50 

n 

12 

10 

'•k 

1 

May 

11 

15 

10 

30 

10 

00 

9 

00 

07 

25 

10 

41 

10 

June 

11 

05 

10 

20 

9 

40 

8 

25 

06 

35 

10 

35 

09 

i 

July 

11 

10 

10 

35 

9 

55 

8 

50 

07 

15 

10 

45 

10 

August 

11 

35 

10 

20 

10 

50 

10 

25 

09 

30 

11 

15 

10 

4i 

Septenber 

12 

10 

12 

15 

12 

15 

12 

25 

12 

20 

11 

45 

11 

4i 

October 

12 

iiO 

13 

05 

13 

30 

14 

00 

14 

50 

12 

15 

12 

Noventoer 

13 

15 

13 

50 

14 

40 

15 

50 

17 

50 

3.2 

45 

13 

2i 

i 

Decentoer 

13 

30 

14 

04 

15 

00 

16 

20 

18 

55 

12 

55 

13 

3’ 

Yearly 

Average 

12 

10 

12 

15 

12 

12 

.11 

11 

Variation 

2 

25 

3 

45 

5 

20 

7 

55 

12 

20 

2 

20 

3 

4] 

i 

I 
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TABLE 

Mcaithly  "Average  Curating  Times 
Carespondlng  .to  Reccanaended  Dayll^t 
Ccaitrol  Actuation  Resistance  Values 
I  for  OG-181  Flashers  in  Acrylic  Lanterns 
vftien  ttie  Sun  is  Obstructed  by  Thin  Clouds 


MINIMUM  AVERA(gS 
Off;  12ft-c  On; 


lOft-c 


The  lllundnation  levels  In  Ts^les  C-2,  3,  find  H  corresnrrK  to  the 
iraxiiauT)  ar^  rrd.nl;r.iffp  tum-rai  anri  tum-r'<’^  resl  stances  indlcate('  In  "’ables 
C“5  Tor  CorrrBndant  (LCV-1)  PD  -  190C  (jaylirht  contiDla.  Deoanse  tiie 
flasher  purchase  descrlptlcn  states  no  n'lnlrur  cUfftrence  Ixjtvreen  turn¬ 
on  and  turn-off  D.C.  resistsances ,  nerllplble  cil^'ferencer.  were  assired 
in  corputlnp  the  "Flasher  PD  -  l8lB'*  values  in  C-C.  This  ccwers 

tt^  not  so  likely  qualification  of  flashere  that  iiave  tum-on  and  turn¬ 
off  rraistances  very  close  to  each  other,  the  illumination  coritrol 
circuitry  still  preventing  false  characteristics  at  twilipht.  Tije 
Itxipest  daily  operatinp-  periods  In  Tables  C-2,  3  and  4  occitf*  t'or  flashers 
wltti  the  hlphest  possible  tunwm  and  turn-off  lliurlnation  values  or 
lowest  possible  tum-cai  jKid  tian-off  resistances.  Ccawersely,  sh<»i^st 
dally  operatir^  periods  occur  for  flashers  vdth  the  hlrhest  ptasible 
tum-cn  and  turn-off  resistances. 

advantaf«  of  the  Qualified  Flasher’s  20-tOK  {56-10ft-«‘)  and 
15-2^K  (100-23ft-c)  ranpes  over  the  lO-ilOK  iwt?  o’*  10500.23  is 
Inmedlately  obvious  from  the  averape  day  by  year  oreratlrr  tires  In 
the  "yearly  average"  row  of  Tsi)les  C-2  arxi  3*  subtraetinp  the 
smaller  60  N  :yearly  averape  \«lue  fVor’  the  larper"  in  eadi  teble, 
we  see  that  the  variation  In  yearly  averape  day  operatinp  tlws  jBsonp 
qualified  flashers  Is  at  most  sixty-five  minutes,  tfhereas  anwp-  "PD 
181D  flashers"  it  csffi  be  as  as  two  hours  and  forty-five  rlnutes. 

For  all  latitudes  the  ran^  of  averape  dav  ner  vear  operatiiip  nerlods 
permitted  by  PD  -  181B  is  al3«iys  preater  than  twiw  that  ostur  lly 
occurrinp  mor^  "in-service"  CO-lSl  flasher/photocell  ccffblnatlons. 


TABIf:  C-5 

FLASHbR/DAyLIClf?  OOt^TPOL 
Tum-on,  IXavwjff  Maxirm  aod  ^tlnlma 


FLASIiER 

DAILY  PERIOD 
OP  OPERATia^ 

D.C.  FESIETAJiCE  (Kchm) 

ILLUmK/TTON  (ft-c) 
Hl^on 

QUAUFTED 

Longest 

20 

15 

56 

100 

0C-l8l’s 

Shortest 

HO 

2H 

10 

?3 

PD  -  181B 

Longest 

10 

10 

270 

270 

Shortest 

HO 

10 

10 

RECOM^IENDED 

Longest 

20. 

15 

56 

100 

OFF:  15-35K 

Cri:  20-il0K 

Shortest 

HO 

35 

10 

1" 
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Recommended  D.C.  Resistance  Values  for  P.D.-lSl 


Ihe  24k  or  upper  resistance  value  measured  on  qualified  flashers 
is  an  unnecessary  t^per  limit  requirement  for  P.D.  -  l8l.  Iruitead 
a  35K  or  upper  limit  is  probably  more  reasonable  for  the  latitude  in 
manufacturlnp  tolerances  it  allc%«5.  As  shewn  in  the  Table  C-4,  it 
increases  the  maximum  varlatlcn  in  yearly  averse  day  operating  times 
among  flashers  over  that  of  qualified  flashers  by  only  ten  minutes 
(l.e.,  to  seventy-five  minutes).  Hence  it  seems  appropriate  t.o 
recommend  15-35  Kohm  turn-off  arx}  20-40  Kohm  tum-on  required  resis¬ 
tance  ranges  for  P.D.  -  l8l  in  addltiai  to  a  5  Kohm  minimum  dJ  fference 
between  the  tum-ai  and  turn-off  resistance  values. 


Integral  Year  Battery  Lifetimes 


According  to  the  figures  In  the  "yearly  average"  rov;  Tfible  C-4 
battery  lifetime  predictlais  detennlned  for  flashers  purchased  in 
ac^rdance  with  the  recommended  values  will  always  be  accurate  to 
within  11?  at  all  latitudes  for  lifetimes  aT^roximatlng  an  integral 
oBJter  of  years  (i.e.,  assisrdng  equal  operating  periods  for  a.  1  days 
in  operation),  ^ttery  lifetime  nredlctlcns  assuring  the  lim'ts  of 
PI^lSlB,  on  the  other  hand,  can  be  greater  than  20%  inaccurate. 

Accuracy,  of  course,  ctepends  on  the  assumption  of  tum-cn  and 
turn-off  illumination  levels  used  naKing  the  prediction.  If  middle 
values  for  qualified  hardv/are  were  used,  accuracy  for  Integra.,  year 
predictions  could  be  to  within  +  5?* 

We  see  by  the  decrease  In  range  of  average  day  by  year  operating 
times  that  there  is  accuracy  advantage  at  the  soithem  latitudes.  At 
30<^  for  ex«Bi?)le,  vrtiere  the  range  anong  actual  cri-l8l/photoce..l  com¬ 
binations  is  but  30  miraites,  the  greatest  possible  lifetime  ov^er- 
assuiption  due  to  the  30  minute  operating  time  range  is  4?,  a'-.suming 
the  maxliman  average  day  operating  time  at  30°f^  (12.25  hours).  Hence, 
we  see  advantage  in  taking  latitude  Into  account  for  Integral  year 
lifetime  predictions. 

Latitude  is  even  of  more  significance  in  detenrlnlng  the  :  naccuracy 
due  to  the  rarye  of  operating  times  ar<»Tr  flasher/D.C.  combinations 
trfien  battery  lifetimes  vary  sigriflcantly  from  an  integral  nu  ber  of 
years.  But,  it  is  convenient  to  discuss  first  the  effect  of  cloud 
cover  on  average  day  c^jeratir^  times. 
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Average  Cloud  Cover  for  Selected  Locations 


It  is  convenient  to  specify  local  average  cloud  cover  for  a  year 
or  a  mcaith  in  terms  of  the  multiplier  of  the  "maximum"  tum-on  and 
turrr-ofY  Illumination  values  (to  give  worst  case  battery  lifetime 
predictions)  that  is  necessary  for  entry  into  Natural  IllvMnatim 
Charts.  Uils  irultlpUer  can  be  conputed  for  certain  selected  cities 
cn  the  assumptions  that:  (1)  the  multiplier  three,  ccxipled  with 
Natural  Illumination  Charts,  represents  cloud  cc»idltic^  for  average 
cloucfy  days  and  (2)  that  the  "average  percentages  of  possible  sunshine" 
listed  for  selected  cities  in  Statistical  Abstract  of  the  IMted  Sta^s 
are  correct.  *1116  conputation  for  Jurieau,  for  exanple,  where  only  ioi 
of  the  dayli^t  hours  during  a  year  are  clear,  would  yield  a  multiplier 
of  2.^  for  the  year,  l.e.,  .7  X  3E  max  +  .3E  max  «*  2.^E  max,  vftiere 
E  max  is  either  the  turr>-on  maximum  illuminaticsi  level  or  the  turn-off 
maximum  illumination  level.  For  Lcng  Beach  the  multiplier  is  1.5. 

More  caiservatlve  figures  are  possible  through  selection  of  multipliers 
greater  than  three  for  average  cloud  condlticns  cxi  cloudy  days. 

Ifciltlpllers  for  months  would  appear  also  to  have  significant 
influence  on  the  accuracy  of  operating  time  predictions  in  places 
^re  seasonal  differences  in  average  cloud  cover  occur  and  vrtiere 
operating  times  are  other  than  an  integral  nunber  of  yeasTS.  For  in¬ 
stance,  at  Detroit  in  ttie  mcvith  of  July  the  multiplier  would  be  1.6, 
whereas  at  the  same  locality  in  December  it  would  be  2.4.  A  less 
extreme  exanple  is  In  Juneau,  where  the  variation  is  between  2.6 
and  2.2. 

Table  C-6  lists  sane  of  the  average  multipliers  for  these  and 
other  selected  localities.  The  Inportance  or  unlnportance  of  making 
mcmthly  or  even  yearly  cwisiderations  of  cloud  cover  in  pewer  unit 
lifetime  calculations  will  be  illustrated  later  in  the  Mobile/Juneau 
example. 


Lifetimes  Varying  Siaiiflcantlv  From  an  Integral  No.  of  Years 


Ihe  average  length  of  a  day  In  a  month  for  any  yearly  average  cloud 
cover  varies  among  the  rnenths.  The  variation  for  the  Qualified  flasher 
maximum  turr>-on  and  turn-off  Illumination  values  is  (T^le  C-3)  under 
four  hours  at  30^  and  over  twelve  hours  at  60^4,  The  significance  of 
these  variations,  especially  for  northern  latitudes,  becomes  apparent 
in  power  unit  lifetime  predlcticns  >*en  the  predicted  lifetimes  are 
other  than  integral  numbers  of  years,  e.g.,  when  eperation  is  over 
more  short  summer  nights  than  long  vdnter 


TABLE  C-6 


Averaps  Miltipller  Selected  Cities 


AUgr. 

Dec. 

Year 

Mobile 

1.7 

1.8 

1.8 

Juneau 

2.H 

2.6 

2.4 

Lonr  Beach 

1.3 

1.5 

1.5 

San  Francisco 

1.7 

1.9 

1.7 

Jacksonville 

1.8 

1.9 

1.8 

Miami 

1.7 

1.7 

1.7 

Atlanta 

1.7 

2.0 

1.8 

Honolulu 

1.5 

1.8 

1.6 

Chlca^^ 

1.6 

2.1 

1.9 

Louisville 

1.7 

2.2 

1.9 

Hew  Orleans 

1.7 

2.0 

1.8 

Portland,  Me. 

1.7 

1.9 

1.8 

Baltimore 

1.7 

2.0 

1.8 

Boston 

1.7 

1.9 

1.8 

Detroit 

1.7 

2.4 

2.0 

Ssult  St.  Marie 

1.8 

2.5 

2.1 

Duluth 

1.8 

2.1 

1.9 

St.  Louis 

1.6 

2.1 

1.8 

Atlantic  Cit^ 

1.8 

2.0 

1.8 

Albany 

1.8 

2.2 

1.9 

Buffalo 

1.6 

2.4 

1.9 

New  York 

1.7 

2.0 

1.8 

Cincinnattl 

1.6 

2.2 

1.9 

Cleveland 

1.7 

2.4 

2.0 

Portland,  Ore. 

1.8 

2.6 

2.1 

Philadel^ila 

1.8 

2.0 

1.9 

Providence 

1.8 

1.9 

1.9 

MeniMs 

1.4 

2.0 

1.7 

Houstcai 

1.3 

1.9 

1.7 

Ncarfolk 

1.7 

1.8 

1.3 

Seattle 

1.9 

2.5 

2.L 

Milwaukee; 

1.7 

2.2 

1.9 

San  Juan 

1.7 

2.2 

l.r 

For  exanple,  consider  two  aids,  one  In  Mobile  and  one  in  Juneau. 

A  2500  an|>ere-hour  power  unit  is  installed  on  each  on  5  April  to  power 
2.03  anp,  12-'Volt  lanps  flashed  by  FL  6(1.0)  solid  state  flas^iers 
having  the  current  dissipations  of  10500.23*  Conwandant’s  IriStruction 
10500.23  lists  a  ^^(5  day  expected  life  for  each;  if  it  had  assured 
13  hours  operatiai  each  day,  the  expected  life  of  these  two  power  units 
would  have  been  ^183  days  operaticMi  for  each. 

But  the  facts  that  these  Installations  were  nade  in  the  Sj^ring 
and  that  the  load  is  such  that  the  power  units  will  operate  for  more 
short  sumner  nl^ts  than  long  winter  nights  make  both  predictions  too 
small.  Assuming  thin  cloud  conditions  for  each  installation  on  each 
day  of  operation  and  qualified  flasher  "maxhtium’'  Illumination  levels 
(OFF;  100;  ON:  56),  the  30^  and  60^  average  daily  operating  time 
data  for  each  month  in  T^le  C-3  can  be  used  to  show  ''minimum"  life 
expectancies  of  528  days  in  Mobile  and  550  days  in  Juneau.  Hierefore, 
there  is  an  error  of  about  three  mwiths  for  these  lnstal.latlons  if  1^ 
hours  operation  each  day  is  assumed.  There  is  an  error  of  adoout  half 
that  if  13  hours  operation  each  day  is  assured.  These  coitparisons 
are  apparent  in  coluitns  I,  IV,  and  V  in  Table  C-7. 

Conversely,  If  the  same  installations  had  to  e)q«rlence  more  lc»Tg 
winter  nights  than  short  siarrer  nights,  predictions  based  on  l4  hour 
operation  each  day  would  still  be  axTservatlve,  but  based  on  :.3  hours 
tiey  would  not.  For  exairple,  if  these  two  installations  had  been 
made  on  5  October  rather  than  5  April,  actual  minimum  oreratiiig  lives 
assuming  the  monthly  data  of  Table  C-3  would  have  been  ^8  daj's  for 
Mobile  and  ^65  for  Juneau  (colurm  I).  The  13  hour  figure,  483  days, 
would  have  been  overly  optimistic  for  Juneau. 

Even  465  da^’S  is  an  optimistic  prediction  for  this  exarplc. 

Average  cloud  covers  in  Juneau,  according  to  Tdble  C-6,  dictate 
average  multipliers  of  2.4,  not  2.0.  It  turns  out  (Column  1"3  in 
Table  C-7)  that  460  days  is  a  more  reat'onable  prediction  of  tiie 
minimum  operating  time  in  days  before  cceplete  consumption  of  avail¬ 
able  power  unit  capacity. 

Thus,  we  see  the  one  restriction  on  an  overall  essunptlon  of 
13  hours  operatlcai  each  da,v.  At  Northern  latitudes,  some  installations 
may  run  the  risk  of  failure  before  predicted  end  of  life,  eupc dally 
if  the  flasher  dlssipaticyi  and  tum-on  and  turn-off  lllurdnatf  on 
maximum  values  are  approached,  respectl\'ely,  by  the  aids'  f la* her 
and  flasher/D.C.  conblnatlon. 

It  is  obvious,  therefore,  that  if  power  urd.t  lifetime  pre< lotions 
for  all  aids  serviced  by  tlie  Coast  Guard  are  to  be  lased  oi  otie  uni¬ 
versal  assunptlcvi  of  daily  <peratlng  time,  Com.andant's  Instru  ction 
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TABIE  C-7 

LIFETIME  PREDICTIONS  (DAYS) 
FOR  MDBII£/JUNEAU  EXAMPLE 


Columns _ 

CLOUt)  COVffi  EACti'DAY 
OP  POWER  UNIT  LIFE 
OPERATING  toi?  EA(ik 
DAY  OF  POWER  UNIT  LIFE 

PERIOD  CP  AVERAGE 


M3BIIE  (30  N) 
JUNEAU  (60  N) 


(MULTIPUER(  2 )  MULTIPLIER;  3) 


YEAR  yPNTH 

511  528 

500  550 


YEAR  MONTH 

506  - 

491  542 


MDBIIE  (30  N) 

511 

498 

506  — 

514 

JUNEAU  (60  N) 

500 

^J65 

491  458 

495 

Note:  FL6(1.0)  Plasherj  2.03  anp  clear  acr^ 
2500AH  power  unit;  Flasher  Dissipations  of  j 
Flasher  naxinum  tum-on  and  turn-off  illund 
Accuracy:  +3  days.  ■ 


T 


T? 

^T 

lb. 

500.23 

ih  HRS 

13  HRS 

YEAR 

YEAR 

i|45 

483 

4i|5 

483 

445 

483 

445 

483 

1  lens; 

Jualifled 

jes. 


( 


( 

( 

y 

( 

( 


< 

( 

y 

{ 

\ 


) 


< 
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10500.23  Is  about  as  good  as  we  can  expect  to  do  for  OG-181  flasher/ 
nhotocell  cortoinations .  But,  it  Is  pointed  out,  AN  ASSUMPTION  OP 
iJOURS  IS  NOT  GREAT  ENOUGH  TO  COVER  TOE  UFTTINE  PREDICTIONS  FOR  IN- 
S^ALLATiae  WITH  FLASHERS  TOAT  HAVE  TORN-ON  AND  TORN-OPP  RESISTANCES 
VHICH  JUST  BARELY  FfET  (I.E.  ON:  250ft~c,  OPP:  250ft-c)  TOE  REQUIRE- 
FeNTS  OP  P.D.  I8IA.  For  such  flashers,  15  hours  is  a  more  reasonable 
assumption.  A  tlghtwiing:  of  dayllpht  control  resistance  ranges  in 
P.D.  I8IA,  therefore,  s^spears  to  be  order  to  achieve  a  match  between 
actual  worse  case  operating  times  and  the  predicted  operating  times 
of  105000.23  and  ECV-i»0. 

A  question  remains.  Is  tlie  ccxivenlence  of  a  single  overall  tabu¬ 
lation  for  all  aids  to  navigation  wori^  the  waste  in  energy  it 
necessitates?  Should  reliefs  on  Gulf  Coast  be  based  upon  the  ext;  'me 
conditions  of  Alaska?  In  general,  as  has  been  pointed  out,  10500.23 
accounts  handsomely  for  the  extrane  caidltlcxis  of  Alaska.  In  the 
Mbblle/Juneau  exanple,  IO5OO.23  predicted  ^^5  days  for  Juneau.  TOe 
worst  operating  condition  (two  vdnters  and  1  sunner)  for  qualified 
flasher  and  ^lotocells  was  460  days;  so,  vMte  445  days  covers  the 
worst  case  in  Juneau,  it  will  cause  relief  of  California  and  Gulf 
Coast  buoys  at  least  50  days  early  even  for  worst  case  operating 
conditions.  More  usual  relief^  at  most  Southern  locations  will 
occur  at  least  100  days  early,  especially  with  present  procedure 
that  permits  relief  ^  days  earlier  than  listed  in  10500.23.  For 
Installations  with  hipher  "arperage-duty  cycle  products",  the  errors 
in  prediction  are  even  greater. 


SUpht  Effect  of  Cloud  Cover  on  Prediction  Accuracy 


A  point  worthy  of  note  from  Table  C-7,  is  the  sliptit  Imoaot  of 
cloud  cover  on  life.  Coluntis  I,  II,  and  III  list  lifetimes  for  thin, 
average  and  actual  cloud  cover  averages  at  Juneau  and  Mobile.  For  the 
predictions  based  on  yearly  average  day  operative  times,  the  f>reatest 
difference  amaig  cloud  covere  was  9  days.  Again,  this  diffenince 
would  becOTie  greater  for  higjier  wattage  lamps,  higher  duty  cycle 
characteristics  or  both.  A  difference  of  15  days  between  multipliers 
of  1.5  and  3.0  would  for  some  of  these  appear  to  be  a  reascxial)le 
expectation. 


Flasher  Dissipaticn  Effect  on  the 
Accuracy  of  Power  Unit  Lifetime  Predictions 


A  secondary  but  significant  limitation  on  the  accuracy  of  pcwer  unit 
lifetime  predictions  is  flashei*-  dissiptitiai.  Because  the  meas-.urement 
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of  flash,  eclipse  awi  Idle  (day)  time  dissipations  of  each  flasher 
placed  Into  service  Is  not  possible,  iraxlmum  dissipations  nust  be 
assumed  for  all  Installations.  Ihese  naxlmum  dissipations  shcxild  be 
based  on  the  dissipation  measur^nents  of  a  few  representative  flashers. 
Such  measurements  for  OG-18I  solid  flashers  are  currently  being  accom¬ 
plished  In  qualification  tests. 

Flasher  dissipation  varies  as  a  function  of  duty  cycle,  laitp  load, 
power  unit  intemid  Ijqpedance,  open  circuitry  voltaf^,  and  manufacturer 
(l.e.,  circuitry  desigi).  Table  C-8  Illustrates  the  point.  In  the 
table,  maximum  dissipations  for  flashers  qualified  to  date  in  accordance 
viith  the  requlranents  of  Coast  Guard  PD-I8IB  are  listed.  It  is  obvious 
that  dally  dissipatlcxi  Increases  with  duty  cycle,  a  fact  that  PD-I8IB 
realizes  by  requiring  a  maximum  (10  +  20  X  (duty  cycle))  millianfsere 
dissipation  duilng  flashing  operation.  Variation  among  manufacturers 
is  obvious  by  the  differences  In  maximum  dissipations  that  occur  at 
each  duty  cycle. 

Larp  load,  source  Impedance,  and  source  open  circuit  irput  voltage 
(OCIV)  Influence  flasher  dissipation,  essentially,  through  their  effects 
an  the  closed  circuit  Inixit  voltage  across  the  flasher’s  power  Irput 
terminals.  Ihese  influences  are  reflected  in  the  oualiflcation  test 
contolnatlons,  vMch  are  shown  below  the  Table.  The  test  contoinatlons 
cover  the  range  of  closed  circuit  input  voltages  possible  with  cur¬ 
rently  improved  primary  batter  power  units. 

The  dissipations  assumed  by  Camarxiant  Instructlcxi  10500.23  are 
also  included  in  Table  C-8.  For  all  but  one  flasher.,  the  assimptlcai 
of  10500.23  is  at  least  one-tenth  amoere-hour  per  70  day  greater 
than  the  highest  maximum  dissipatim  measured  for  the  particular 
characteristic  in  qualificatlai  tests.  FOr  a  1.15  anpere  larq)  flashed 
by  a  FL4(.1i)  flasher  off  a  2500  ampere-hour  power  unit,  this  fonounts 
to  an  under-estimation  by  10500.23  of  50  days  of  l4  hour  flashing 
operation,  Covpled  with  an  80  days  under-estimation  due  to  an  assutrption 
of  fourteen  rather  than  thirteen  hours  operation  each  day,  this  50  days 
caitributes  to  an  overall  litpression  of  the  magnitude  of  the  luider- 
estimations  that  can  occur  with  10500.23.  The  magnitude  of  these  undeiv 
estimations  are  Inversely  related  to  lamp  amperage,  duty  cycle,  e.g., 
for  a  2.03  anpere  lamp  flashed  a  .167  duty  cycle  off  a  2500  anpere- 
hour  unit,  only  a  21-day  overall  under-estlmaticxi  results  from  the 
over-conservative  assumptions  of  flasher  drain  and  dally  cpeniting 
time  by  10500.23  vhen  operatioi  is  over  an  integral  number  of  years. 

The  one  flasher  vMch  does  not  have  a  70  day  capacity  consumption 
that  is  at  least  caie-tenth  ampere-hour  less  than  the  cm  assured 
by  10500.23  is  the  C-R  Development  Corporation  S-IO66  FIX  flajiher. 

With  the  S-IO69  (C-R’s  improved  successor  to  the  S-1066)  hower'er, 
flasher  capacity  consunptioTS  dai.ly  are  In  all  cases  at  least  .18 
aiTpere-hours  per  70  day  less  than  those  assumed  by  10500. 23. 
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Flasher  capacity  caTSunptlcsTS  are  not  as  different  from  those 
of  10500.23  for  125  days  as  tt»y  are  for  70  days.  The  reason  is  that 
10500.23  makes  no  alloMance  for  increased  idle  time  dissipations 
in  hot  vieather.  These  dissipations  can  become  quite  significant  in 
places  like  the  Gulf  of  Mexico  where  daytime  temperatures  inside 
buoy  lanterns  have  been  known  to  exceed  125°P.  In  these  places, 
worst  case  dally  capacity  consumptions  can  Increase  by  more  tlian  50^ 
(e.g.,  S-1069  EL  and  Hayden  IQKFL  in  Tdole  E-8). 

In  general.  Table  C-8  Indicates  over  assumption  by  10500.23  of 
flasher  dissipation.  It  has  been  shown  that  these  aver-assunptlons 
can,  in  some  cases,  mean  an  underestimation  in  predicted  life  of  more 
than  50  days.  It  is  recomnen<3ted,  therefore,  that  the  dissipation 
assuRptlons  of  10500.23  be  lessened  to  values  very  close  to  the  maxi- 
mums  measured  in  qualificatioi  tests  to  date.  It  is  also  recoimiended, 
that  the  dissipation  requirements  of  P.D.  I8IA  be  tightened.  Riture 
qualifiers  shaild  be  exacted  to  produce  flashers  with  minimum  dissi- 
^tlcxi  no  greater  than  those  of  the  flashers  already  qualified. 


Test  Ccnluination  Key: 
Ccfdbiiiatibn  OCiV(  volts) 

Source  Internal 
ResistanceCohms) 

Typlcfil 
ccrn'(  volts) 

I 

18.0 

.6 

.55 

17.5 

II 

18.0 

.3 

3.05 

17 

III 

13.2 

1.2 

.55 

12.5 

IV 

13.7 

.4 

3.05 

12 

V 

il.^> 

2.8 

.55 

11 

VI 

12. 

.8 

3.05 

io.5 
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APPENDIX  D 
VISION  THEORIES 
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Oeneinl 


The  mear^  of  determining 
lisdit  Is  Allard's  Law:  • 


vdiere: 


the  use 
le^ 


ful  visual  range  of  a  marine  slpnal 


EL  Is  a  irdniirwn  threshold  of  lllumlnatlcn  at  tt»  ^  required  to 
stimulate  a  respoBe  from  the  visual  system  (for  a  fixed  light) 

Ig  Is  the  effective  Intensity  of  the  signal  ll^t  computed  from 
the  Blondel-Rey  relatlcaishlp 

i  T  Is  the  atmospheric  transmissivity,  and 

D  Is  the  distance  from  the  signal  llfht  to  the  observer. 

For  a  steady  110^it,  the  effective  Intensity  la  the  fixed  Intensity 
of  the  light.  Bie  threshold  Illumination  generally  used  In  Allard's  Law, 
0.2  mlcrolux.  Is  well  above  laborat<»v  threshold  and  has  been  chosen 
to  cover  the  shift  of  conditions  from  the  l^oratory  to  the  real  world. 
In  1911,  Blondel  and  found  a  relationship  to  equate  the  threshold  of 
flashing  "square"  sha^jed  pulses  to  flawd  intwisltles.  For  any  square 
flash,  they  fcxjnd  that  the  Intensity  required  was  that  which  increased 
the  fixed  light  thr«:hold  by  a  factor  of  a/t.  Ihat  is,  I  ■  Et  (a-ft)  Ir  . 

t 

Since  the  time  and  the  intensity  dependence  are  both  functions  of  the 
light  source,  it  is  most  caivenient  to  lunp  them  together,  yielding 
an  effective  intensity  for  the  flashing  light  vhich  can  be  used  with 
(  the  fixed  ll(ht  threshold  Illumination.  Wws,  Ig  »  I«  t.  Ihe  value 

a+t 

they  found  in  their  free  search  situation  for  a  was  0.21  seconds.  This 
is  the  intersection  of  the  two  asynptotes  of  the  relationship, 

I  ■  constant  for  long  flashes,  and  Bloch's  law,  I«t  >  constant  for  short 
flashes.  It  was  then  pqptulated  ''at  for  other  than  square  flashes, 

Ig  could  be  defined  by  JIdt.  This  is  the  general  Blonfel-R^  relatiav* 

a+t 

ship,  although  the  integration  limits  were  still  undefined.  louglas 
ele^tly  showed  that  a  unique  solution  cwld  be  found,  vhlch 
maximum  value,  by  using  the  times  vhen  I  ■>  Ig  as  the  Integration  limits. 
Sdhmidt^laus^  has  oh<^  that  the  Douglas  solutlcn  fails  for  flash 
let^ths  near  the  critical  (Airatloi,  a,  and  finds  Instead  a  foim  factor 
equal  to  the  ratio  of  the  Integrate  area  of  the  flash  divided  by  the 
area  of  a  squaie  flash  of  the  s^  ^ak  ^  duration  to  be  used 
with  the  latter  square  flash.  It  Is^omy  near  the  carltlcal  time 
duration  that  these  variations  occur.  Both  methods  yield  the  steadbr 
state  I  for  law  flashes,  and  the  total  Integrated  intensity  z.t  vejy 
short  flash  lengths. 
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Integration  Limits  and  Effective  Intensity 

Ra*  the  LS-59  flash,  vdth  a  duration  of  tens  of  microseconds,  any  At 
which  Is  dv36en  Is  negligible  conpared  to  a,  mA  le  ■>  fldt  «  4.76  ^  Idt, 

a+t 

where  the  intensity  Is  integrated  over  tiie  entire  flash.  Even  if  the 
Douglas  spproadi  Is  xised,  (referring  to  tl%  flash  shepe  in  J^ipendix  A) 
Ineak  ^  ®nd  any  difference  Is  negligible  For  the  LS-59, 
if- 4.76  /idt. 


Ihe  •'Variable  Constant  a” 


The  literature  shows  that  values  of  a  have  been  found  vdiich  vary  from 
less  than  0.1  to  more  than  0.35.  Under  a  given  set  of  conditl.ans,  how¬ 
ever,  a  is  found  to  be  constant.  But,  a  nrarles  vdth  the  ccandlticns 
under  vhlch  the  test  Is  perfonned.  TVo  general  tr^ds  can  be  noted 
regarding  the  change  of  a  with  (hanging  conditions.  First,  a  Is 
generally  found  to  be  larger  wh«i  threshold  data  Is  being  collected 
than  vdnm  siq)ra-thre8hold  brl^tness  matches  are  made.  Second,  If 
a  free  search  ps-ocedure  Is  used,  a  Is  gaiersHy  greater  than  0,2, 
vdille  In  cases  of  forced  fln^tlcn  a  Is  found  to  be  about  0.1  and 
the  (iata  follow  the  asynptotes  Into  a. 


In  the  real  world  marine  envirwirwit  situation  there  are  generally 
no  fiction  li^ts  available  to  maintain  forced  fixation.  Ihie,  the 
general  case  requires  the  free  ^arch  data.  For  Jhe  few  cases  where 
It  is  known  exactly  vhere  to  look  for  a  llfht,  the  free  search  cu3*ve 
leaves  a  margin  of  safety  in  further  calculati(»B.  Use  of  the  forced 
fixation  data  In  a  ree  search  situation  will  of  necessity  overrate 
the  li0it.  The  only  reasonable  approach  Is  to  use  the  free  search 
data.  Effective  Intensity  Is  put  to  an  aid  use  In  Allard’s  law  to 
find  the  range  at  vhich  a  U^t  c^  be  detected.  le  is,  therefore,  a 
(juali^  of  a  light  at  or  near  its  ctetectlca  threshold.  JSven  blondel 
and  Bey  noted  In  their  report  over  a  half-century  ago  that  two  U^ts 
of  dlfTerait  flash  lengths  which  disaj^ar  at  the  same  range  (equi^ 
effective  Intensity/)  do  not  appear  ecjually  bright  vhsn  Adewed  at  higher 
supra-threshold  levels.  The  light  with  tiie  shorter  flash  ler^,th  always 
appears  brl^ter  than  the  one  with  the  shorter  flasli  length  at  these 
higher  levels.  This  Is  explained  by  a  cJecrease  In  a  vhen  viewed  at 
siqjra-threshoid  levels.  This  smaller  a  has  been  shewn  by  marp/  investi¬ 
gators.  Since  le  Is  a  threshold  descriptor.  Its  Aradue  should  be  based 
on  threchold  data.  Siprar.threshold  apparoit  brightness  may  rc'qulre  a 
similar  descriptor  of  its  own,  but  is  not  pertinent  to  the  thj'eshold 
situation. 


It  Is  this  lowering  of  a  '1th  Increasing  illumination  vhich 


at  least 
change 
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is  not  known,  but  can  at  least  be  attributable  to  changes  in  the  pro¬ 
cessing  in  the  visual  system  (retinal  photo-chemical  processes)  caused 
by  a  change  in  the  viewing  conditions.  appar»it  brightness  of  the 
1^59  fUck  when  viewed  from  close  aboard  could  be  bright  enough  com¬ 
pared  to  the  ad^tatlon  level  of  the  visual  system  so  as  to  appear  as 
a  glare  source. 


Effects  of  Retinal  Location  of  Detectlai 

In  a  dark  adapted  eye  the  focal  point  is  less  sensitive  than  the 
surrounding  areas.  Ihis  is  equivalent  to  saying  that  the  focal  point 
has  a  higher  threshold.  Ihe  Ihreshold  continually  falls  off  in  all 
directions  for  about  5®*  With  the  precise  fovlal  centralis  forced 
fljcation,  the  higher  threshold  will  require  a  higher  Illumination  to 
produce  the  threshold  sensation  than  for  some  portion  of  tne  surrounding 
fovearnear  periphery  vhere  a  free  search  situation  v;ould  have  the  H^t 
fall.  Pea*  the  fixed  li^t  asymptote,  there  should  be  a  decrease  in 
the  threshold  illumination  neected  proportional  to  the  diange  in  sensi¬ 
tivity.  ir®  Bloch’s  law  region  is  probably  somewhat  different.  This 
region,  essentially  being  a  photoi  counter,  \iculd  be  more  susceptible 
to  variations  in  the  norber  of  i^iotons  within  a  given  flash  than  the 
fixed  110it  a^yiqptote  *Mch  acts  more  as  ai  averager  of  larger  nuntners 
of  photons.  Considering  that  the  standard  deviation  of  the  nunber  of 
photons  per  short  flash  varies  as  tine  square  root  of  that  nunter,  it 
ia  not  too  surprising  that  Kiidito  has  data  showing  that  the  fixed  llfdnt 
asyitptote  threshold  decreases  more  r^ldly  than  the  Bloch’s  law  asynptote 
as  the  flash  is  moved  from  a  iras  s«»ltive  to  a  more  sensltlv'e  portloi 
of  the  retina.  The  Block’s  law  r^on  ttawhold  seems  to  havc’  a 
dependerxse  on  the  standteoix!  deviation  of  nunber  of  photons  needed. 

In  the  free  sear^  situation,  vhere  a  more  sjensltlve  portion  of  the 
retina  is  apt  to  be  used  (them  in  forced  fixation) ,  the  effect  of  the 
Bloch’s  law  asymptote  lowering  by  a  lesser  amount  than  the  fixed  ll^t 
asymptote  results  in  an  Increase  in  the  time  of  their  intersection, 
that  is,  a. 


Apparent  Bpl^itness  and  Probability  of  Seeing 

Blackwell  and  HeCready  have  found  that  detection  probabilities  near 
fifty  percent  threshold  are  dependent  ipai  flash  duration,  taiget  size, 
and  background  luminance.  Ihelr  data,  for  flashes  with  rise  ?nd  decay 
in  the  flash  of  10“^  seconds,  yielded  an  average  <r/M  of  0.390,  but 
vazled  with  cwidltlons.  Scaling  tteir  data  to  the  cr/V,  of  tl^  1’  tai^t 
and  ICrS  ft-L  background  illumination,  we  can  calculate 
flash  duration  1  sec  1  1/3  .1  1/30  .001 


In  order  to  adjust  from  a  fifty  percent  probability  of  seelnp:  to  some 
hifdier  probability,  tibe  nmter  of  standard  deviations  needed  to  reach 
that  pr^abllll^  will  depend  19011  the  size  of  the  standard  deviation 
tap  the  partiailar  flash  leigth.  Thus,  near  threshold,  an  84!£  threshold 
(+l<r)  would  require  l+<r  times  the  fifty  percent  threshold  value,  idildi 
would  vary  as  cr  varies.  A  9558  probability  threshold  (+2<r  )  requires 
1+20"  times  the  fifty  percent  threslwld  values. 

Thus,  if  we  have  two  Lights  of  different  flash  lengths  equated  at 
fifty  percent  threshold,  at  closer  distances  from  the  lights  the  saane 
integrated  illumination  requires  a  greater  nunber  of  cr  from  the  lijdit 
with  the  smaller  or  than  ftcm  the  light  with  the  larger  .  Since  O" 
is  smeller  for  shorter  flash  lengths,  a  short  flash  well  above  thresh¬ 
old  is  seen  with  a  higher  probability  (more  9" )  than  a  long  flash  of 
the  same  fifty  perc«it  threshold.  Although  both  essentially  could 
have  lOO"?!  probability  of  seeing  at  plus  several  cr ,  the  ntmber  of  d" 
ibove  fifty  peroofit  oc^tld  be  poetulated  as  indicative  of  the  aj^arent 
brlfditness. 

Take  two  U^ts  at  the  extremes  of  t^  asynptotes,  that  is  a  fixed 
U^t  and  one  wlttj  a  flash  l«igth  of  10“°  seconds,  and  consider  a 
brl^itness  match  several  orders  of  nBgtdtude  ^ove  threshold.  In  this 
case,  n  tr/M  and  m  <r/M  are  both  much  greater  than  1,  so  that 
(l+n(cr/Mi))  ^  n(0"/Mi)  »  ,357n  *  .7l4n.  For  this  equal  apparent 
(l+m(<r/«2))^  iTovF^T  'Tm  in 

brightness,  then,  we  need  to  raise  the  Bloch's  !»:  asynoto-e  only  .714 
tlmw  this  distance  as  the  fixed  light  asymptote.  This  car.  be  considered 
to  change  a,  the  IntersectiOT  of  the  two,  also  by  a  factor  of  .714. 

Taklr^  a  •»  0.21  at  threshold,  at  this  hi^  brightness  match,  the 
critical  duration  is  0.714  X  0.21  ■  0,15.  This  is  the  value  recently 
postulated  by  Naus  cioing  brightness  matches.  we  find  this  relative 
equivalence  for  all  the  t's  listed  by  Blackwell  and  McCready  in  addi¬ 
tion  to  the  two  «:id  points  v^re  t  '9>  s  and  a«  t ,  we  are  redefining  a 

as  ^  *  OVMt  X  (0.21  +  t)  -  t,  yieldir^ 

Oif 

t  Fixed  1  sec  1/3  .1  1/30  .01  .01 

a  0.21  0.19  0.16  0.135  0.15  0.15  O.15 


The  value  of  a  for  the  fixed  ii^t  is  insignificant  coitpared  to  an 
infinite  t,  but  the  different  values  (than  0.15)  above  1/30  sec.  shew 
that  a  is  not  constant  throughout  all  t  for  this  supra-threshold  bright¬ 
ness  match.  The  variation  shown  for  a  gives  variations  from  the 
Blondel-Rey  stiape  vhich  seem  to  relate  to  Broca-Sulzer  effect. 
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This  approach  of  llnkinp.  threshold  to  supra-threshold  brif^tness 
la  essentially  a  sutnrary  of  a  more  rigorous  approach  new  being  prepared 
for  presentation.  It  presents  the  results  of  such  an  ajrproach  vMch 
attempts  to  link  these  two  different  visual  tasks. 


“PJashbulb"  Effect 

llie  ’’flashbulb”  effect  Is  at  least  partially  explained  by  the  two 
preceding  sections.  'Hie  apparent  brightness  of  the  flashtube  when 
viewed  close  aboard  is  fc^eater  than  that  of  an  incandescent  flash 
of  longer  duration  of  the  same  effective  (threshold)  intensity.  Addi¬ 
tionally,  the  Incandescent  flash  is  sufficiently  laig  to  allow  direct 
flxaticai  in  the  least  sensitive  retinal  area  vdiile  the  flashtube  flick 
is  so  short  that  it  almost  always  falls,  in  its  entirety,  in  a  more 
sensitive  area.  The  daric  adapted  eye  ray  also  find  that  the  peak 
illumination  in  the  flashtitoe  flick,  vA^en  close  aboard,  is  sufficient 
to  be  considered  a  glare  source. 


”0l0M  Range”  in  Fog,  and  Scotcple  Vision 

!nie  xenon  flashtube  light  is  much  bluer  than  the  incandescent 
lli^t,  and  has  a  color  tenperature  of  approximately  15,000OK.  Long 
(1951)  has  shown  that  in  the  Blodc’s  Law  regden,  t<5v0.1  sec  there  is 
no  dependence  on  ^  for  the  detectlwi  of  light  flashes .  We  should 
dt 

therefore  assume  that  the  greater  rate  of  temporal  contrast  for  the 
flashtube  does  not  carry  over  into  the  visual  effectiveness. 

Measurements  of  intensity  are  made  in  candela,  and  irdierently 
account  for  the  ^ctr^  dlstributicn  of  the  light  within  the  sensi- 
tlvi|^  curve  of  the  1931  CIE  Standard  Observer. 

For  normal. viewing  .of  point  sources,  a  15, pOO®K  flashtube  flick 
of  lOOcd-sec  yields'W^  for  an  effective  intensity.  This  same 
can  be  attained  froin  a  0.3  second  incandescent  flash  (2850°K)  of  809 
.  candela.  TlVese  two  lights  will  be  equally  effective  at  a  detection 
range  determined  by  Allard's  Law  with  rei^rd  to  sanr  probability  of 
seeing  for  the  purpose  of  taking  boarings. 

When  a  subthreshold  situaticn  is  viewed,  the  flashes  will  not  be 
seen  fovlally.  However,  the  peripheral  sensitivity,  vd»n  dark  adapted, 
is  1-3  orders  of  magnitude  greater,  and  will  give  rise  to  peripheral 
(kstectlon  vihen  below  foveal  threshold.  The  sensitivity  curve  of  the 
periphery  differs  appreciably  fTon  tlie  fovial  sensitivity  curve.  Tlw 
major  difference  is  a  peak  at  507m  peripherally  rather  than  555nm 
foveally.  Under  this  sootoplc  viewing,  the  equal  effective  intensities 


/ 
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for  our  two  lijits  again  beccmes  imaf^licable,  but  now  because  the 
sources  have  different  spectral  emisslc«B.- 

In  the  photopic  case,  I  «  K  fvi,  Wv  dAwhere  W\  is  the  power  distrl- 
butlai,  flj^t  *  100  cd-sec  and  Jln^c^t  »  809  X  .3  »  2^3  cd-sec 

yielded  the  same  Ig  ■  476  cd. 

In  the  scotoplc  case,  I’  •  K’  f  VJ^  Wx  dX. 

in  the  "Purklnje  shift*'  from  photopic  to  scotoplc  vlsicsi, 

I  •  K  fVv  Wv  dl  and  for  the  saone  light,  I  »  I*,  and  K’  ■  \  V\  Wx  dA 

r*  tc»iv'a . wx-aA’  r  rirrftrd\ 


!  (' 

Utilizing,  for  slirBllclty,  black  body  redlaticn  curves,  and  per- 

ftormlng  the  indicated  Integratlcns,  we  find: 

1 

1 

1 

Colca*  Tenoerature 

K»A 

1 

f  : 

1600OK 

3.33 

1 

ISOO^K 

2.78 

t 

1900OK 

2.57 

r  i 

2000OK 

2.40 

i' 

aooSK 

2.25 

[■  i 

2200®K 

2.12 

2300OK 

2.01 

1  ! 

2350°K 

1.96 

5  1  t  ■ 

2365°k 

1.95 

'  i 

2600OK 

1.79 

[  i 

2850OK  (Ill  A) 

1.60 

►  4 

r  !  /  . 

3000OK 

1.53 

3200OK 

1.44 

4000*5^ 

1.20 

1  t 

9000OK  (Ill  B) 

1.06 

* .  j 

fiQual  Energy 

1.00 

i-  ; 

6000®K 

0.98 

1  " ; 

6500OK  (Ill  D) 

0.92 

1 

7000OK 

0.91 

1 

Ill  C 

0.90 

j  • 

10,000‘5K 

0.81 

V' 

15,OOOOK 

0.74 

i, 

20,000OK 

0.71 

1  ; 

40,OOOOK 

0.68 

1  , 

0.65 

We  can  immediately  note  that  for  the  2850*^  incandescent  light, 
K’djc/K  •  1.60  and  for  the  15,000OK  flashtube,  K*p3yK  «  0.74. 
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nius,  In  the  shift  from  photoplc  to  scotoplc  (or  foveal  to  peri¬ 
pheral)  vision  for  our  two  lights  of  equal  photoplc  effective  inten¬ 
sity,  diNC"  K  f  V)^  ^PT  “  ^  Increase  of 

60J{  in  scotcpic  effective  Intensity  for  the  incantSescent  light  (2850^) 
will  scotopleal2y  match  a  26j(  decrease  in  the  scotcpic  effective 
intensity  from  the  flashtube.  Put  another  way,  the  scotcpic  intensity 
of  the  flashtube  will  be  1,60  •  2.15  times  the  scotcpic  intensity  of 

CTT 

the  incandescent  light  vhen  their  photoplc  intensities  are  the  same. 

In  the  scotoplc  rea^,  the  100  cd-sec  flashtube  flick  will  be  2.15 
times  as  brl^t  as  the  809  candela  square-pulse  0.3  second  incan¬ 
descent  flash.  While  photoplcally  they  both  have  ^76  candela  Ie» 

their  effective  scotoplc  Intensities  v/ould  be  K/K'  times  as  great, 
or  298  for  the  Incandescent  and  for  the  flashtihe. 

In  peripheral  vision,  therefore,  the  flashtube  will  be  more  cca>- 
^icucMJS  than  the  incandescent  flash  even  though  they  are  both  equally 
effective  at  photoplc  threshold.  Since  the  lights  in  the  scotoplc 
realm  careiot  be  fixated  to  take  a  bearing,  this  result  of  the  duality 
of  the  retina  is  Inccxisequential  to  noitnal  marine  sigyialllne.  It  would 
seem,  however,  that  in  a  search  situation  vftere  no  bearing  taking  is 
required  but  gwieral  directional  informatlcm  obtainable  In  peripheral 
vision  Is  of  importance,  in  the  case  used  of  a  15»000PK  U^t  and  a 
285OOK  lli^t,  a  distinct  advantage  of  a  factor  of  2.15  in  favor  of 
the  flashtube  can  be  expected. 

Ccaisider  a  fog  of  large  particles  (such  that  scattering  is  essen¬ 
tially  wavelength  Indeperident) ,  and  the  eye  is  daric  adapted  to  a  point 
such  that  the  scotoplc  threshold  is  l/50th  of  the  photoplc  threshold. 
For  a  transmissivity  of  0.01,  frcxn  Allard’s  Law;  Et  »  O.67  s.m.-c  » 

le  *  i76,X  .01^  ,  ype  find  a  photoplc  range  of  1,3  nautical  miles. 

It  is  expected  that  this  fog,  through  forward  scattering,  will  appar¬ 
ently  enlarge  the  source  such  that  vdille  fixated,  the  outer  portion 
of  the  "enlarged"  source  surrounds  the  fovea  in  the  parafowa  with 
the  scotoplc  sensitivity. 

In  the  scotoplc  annulus,  Etscot  *  Et^ot  »  0.013^<  s.m.-c, 

Ig  jjiQ  «  258,  and  Ig  jjij.  ■  We  expect  to  see  the  incandescent  li&it 

scotopically,  including  the  anmilus  surrounding  the  central  i^iotoplc 
fixation  point,  (by  solving  0.013^1  «  298  X  .01^  ),  for  D  •  I.90  miles. 

Similarly,  for  the  flashtube  (from  C.013A  ■  6^4  X  .01^  ),  we  find 

D  *  2.0A  ndlJs. 
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In  this  case  Just  given,  the  flashtube  can  be  seen  peripherally 
almost  seven  percent  further  away  than  can  the  Incandescent.  The 
incandescent  is  visible  scotopically  further  than  photopically, 
and  flashtube  57?  further  scotopically. 

Due  to  the  transcendental  nature  of  Allard's  Law,  no  sinple 
soluticai  is  easily  given  for  this  relatlcaishlp.  It  can  be  stated 
that  the  effect  increases  wltti  a  decrease  in  Intensity,  an  Increase 
in  Et  8cotoplc»  ^  of  the  K's  for  the  two  sources. 

The  0?eater  consplculty  of  the  flashtube  in  fog  is  (at  least  partially) 
directly  attributable  to  the  Purklnjc  effect  of  the  duality  of  the 
retina. 

As  a  final  extreme  exanple,  consider  a  fog  in  vhich  1q  of  the 
li^ts  is  <10,  the  threshold  is  10  s.m.-c  due  to  airbient  illunination, 
and  T  ■  l(r°.  The  scotopic  ranges  are  0.216  and  0.2<J6  rrlles  for 
the  Incandescent  and  the  flashtube.  This  is  a  1<IJ5  increase  in  this 
case  for  the  flashtube. 
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ta.  AaaTHACT 

1  Condenser-dls charge  beacons  capable  of  operation  from  battery  power 

supplies  on  buoys  and  minor  lights  offer  four  distinct  advantages  over 
Incandescent  beacons:  (1)  Increased  servicing  periods,  (2)  Increased 
battery  life,  (3)  Increased  visual  effectiveness,  and  (it)  Increased 
"glow  ranges"  in  fog.  This  report  presents  the  laboratory  and  field  test 
results  of  the  LS-59  flashtube  beacon,  as  well  as  a  discussion  of  the 
potential  use  of -condenser-discharge  burst  lights  as  a  future  base  for 
a  maritime  signal  lighting  system. 
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